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(57) Abstract 



The present invention provides peptides having T cell stimulating activity termed recombitope peptides. Recombitope pep- 
tides of the invention preferably comprise at least two T cell epitopes derived from the same or from different protein antigens, 
and preferably comprise at least two regions, each region preferably having human T cell stimulating activity and each region 
comprising at least one T cell epitope derived from a protein antigen. Recombitope peptides of the invention can be derived from 
protein allergens, autoantigens, or other protein antigens. The invention also provides methods of diagnosing sensitivity to a pro- 
tein allergen or other protein antigen in an individual, methods to treat such sensitivity and therapeutic compositions comprising 
one or more recombitope peptides. The invention further provides methods for designing recombitope peptides of the invention 
where the protein antigen to which the individual is sensitive has unknown or ill-defined T cell epitopes. 
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RECOMBITOPE PEPTIDES 

fainted Applications 

This application is a continuation-in-part of U. S.S.N. 662.276 entitled "A 
Human T Cell Reactive Cat Protein Isolated from House Dust and Uses Therefor," 
filed February 28, 1991, which is a continuation-in-part of U,S.S.N. 431,565 entitled 
"A Human T Cell Reactive Cat Protein Isolated from House Dust and Uses 
Therefor," filed November 3, 1989, the teachings of which are incorporated herein by 
reference. 

Background of the Invention 

T lymphocytes can mediate and regulate both the specific and non-specific 
effector mechanisms of immune responses. CD4+ T lymphocytes provide help for 
antibody production and secrete cytokines which modulate the growth of other T 
cells and the growth and differentiation of other immune cells such as monocytes and 
granulocytes. Functional and biochemical studies have demonstrated that the 
generation of cellular immune responses depends upon antigen receptors on T cells 
that recognize peptide fragments of foreign proteins associated with products of the 
major histocompatibility complex (MHC) that are expressed on antigen-presenting 
accessory cells. Recent advances in technology have made it possible to culture 
efficiently antigen-specific human and mouse T cell lines and clones in vhrQ. In 
addition, it is now possible to produce large amounts of protein antigens or their 
fragments using recombinant DNA technology or solid phase peptide synthesis. 
Thus, in the last few years, several research groups have begun to determine the 
linear amino acid sequences of antigenic proteins that are recognized by T cells in 
association with MHC (T cell epitopes). 

Peptides derived from a variety of protein antigens, including bacterial and 
viral pathogens, autoantigens, allergens and other experimental antigens such as hen 
egg lysozyme (HEL), ovalbumin (OVA) and lambda repressor (cl) have been 
examined for the ability to stimulate antigen-specific T cells. A wide size spectrum 
of peptides has been reported to serve as T cell epitopes. For example, OVA amino 
acid residues 324-339 (Shimonkevitz, R. et al., J. Immunol.. 133:2167 (1984)), HEL 
amino acid residues 74-96 (Shastri, N. et al., L Exp. Med , 164:882-896 (1986); and 
lambda repressor (cl) amino acid residues 12-26 (Lai, M.-Z et al., J. Immunol., 
139:3973-3980 (1987)) have been demonstrated to trigger efficiently whole protein- 
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Summary of the Invention 

The present invention provides isolated peptides having T cell stimulating 
activity, termed recombitope™ peptides. Recombitope peptides of the invention 
preferably have human T cell stimulating activity. In addition, recombitope peptides 
of the invention preferably comprise at least two T cell epitopes derived from the 
same or from different protein antigens, and more preferably comprise at least two 

s regions, each region comprising at least one T cell epitope derived from a protein 

antigen and each region preferably having human T cell stimulating activity. In 
some instances, recombitope peptides comprise three such regions derived from the 
same or from different protein antigens. As used herein, a region of a recombitope 
peptide comprises at least 5 and preferably at least 7 amino acid residues. Typically, 
recombitope peptides comprise regions which are arranged in a configuration 
different from a naturally-occurring configuration of the regions in a protein antigen 
in order to eliminate undesired properties associated with the secondary or tertiary 
structure of the protein antigen while maintaining the primary structure dependent 
human T cell stimulating activity. For example, the regions can be derived from the 
same protein antigen and arranged in a noncontiguous configuration or in a 
noncontiguous configuration and a nonsequential order. 

Recombitope peptides of the invention can be derived from protein allergens. 
These recombitope peptides preferably have minimal immunoglobulin E stimulating 
activity and bind immunoglobulin E to a substantially lesser extent than protein 
allergens from which the recombitope peptides are derived bind immunoglobulin E. 
More preferably, recombitope peptides derived from protein allergens do not bind 
immunoglobulin E specific for the protein allergens in a substantial percentage (at 
least about 75%) of the individuals sensitive to the protein allergens, or if such 
binding occurs, such binding does not result in mediator release, e.g. histamine, from 
mast cells or basophils. In addition, recombitope peptides can be derived from 
autoantigens, such as insulin, myelin basic protein and acetylcholine receptors. These 
recombitope peptides preferably do not bind immunoglobulin specific for the 
autoantigen in a substantial percentage (at least about 75%) of a population of 
individuals sensitive to the autoantigen. Further, recombitope peptides derived from 
protein allergens or other protein antigens can be designed such that an undesirable 

» property of the native protein (e.g., enzymatic activity) can be eliminated for 

therapeutic purposes. 

% The invention also provides methods of diagnosing sensitivity to a protein 

allergen or other protein antigen in an individual, methods to treat such sensitivity 
and therapeutic compositions comprising one or more recombitope peptides. For 
example, methods of detecting specific Delayed Type Hypersensitivity and/or 
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protein antigen or portion of either of the antigens. If binding occurs, a second blood 
sample obtained from the individual or a second portion of the original sample is 
combined with a recombitope peptide comprising at least two regions derived from 
the protein antigen, a modified form of the protein antigen or a portion thereof, or the 
protein antigen produced recombinantly, each of which has human T cell stimulating 
activity and each of which preferably does not bind immunoglobulin specific for the 

* protein antigen in a substantial percentage of the population of individuals sensitive 
to the antigen (e.g., at least about 75%), in order to determine whether T cell 
stimulation occurs. If T cell stimulation occurs, the individual is preferably 
administered a therapeutically effective amount of a therapeutic composition 
comprising the modified form of the protein antigen or a portion thereof, the 
recombinantly produced protein antigen, or the recombitope peptide, and a 
pharmaceutical^ acceptable carrier or diluent, since it is believed that administering 
to an individual such a therapeutic composition will desensitize the individual to the 
protein antigen. 

Methods for designing recombitope peptides of the invention are also 
provided where the protein antigen to which the individual is sensitive has unknown 
or ill-defined T cell epitopes (e.g., some or all of the peptide regions of the protein 
antigen which have human T cell stimulating activity to the protein antigen have not 
been defined by standard T cell biology techniques, e.g., Current Protocols in 
Immunolog y, edited by Coligan, J.E. et al., volume 1, (1991), or the precise human T 
cell epitopes of the protein antigen have not been defined by fine mapping 
techniques). According to one method, the known protein structure of an allergen or 
other protein antigen is reviewed and the allergen or other antigen is theoretically 
divided into at least two peptide regions of desired lengths. By theoretically is meant 
something that does not actually take place but rather a thought process, e.g., occurs 
on paper or in one's head. This division can be arbitrary, can be made according to 
an algorithm, or can be wholly or partially based on regions of the protein antigen 
known to have T cell stimulating activity, preferably human T cell stimulating 
activity. When just a few regions of a protein antigen which have T cell stimulating 
activity are known or when all the regions of the protein antigen which have human T 
cell stimulating activity are unknown, preferably., at least 50% and more preferably, 
the entire protein is divided into peptide regions of desired lengths. The peptide 
regions are then theoretically arranged to form at least one recombitope peptide in 

* which the regions are rearranged in a noncontiguous order. Subsequently, at least 
one irecombitope peptide having a rearranged configuration is produced and the 
ability of the recombitope peptide to stimulate human T cells is determined. In a 
further embodiment, the ability of a recombitope peptide found to have human T cell 
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atanlating activity is tested to detent its ability to bind imtnnnoglobuHn specific 
Til Zen or other antigen, or is tested for the absence of another undated 
property (e.g., protease activity). 

1 of the human T Cell Reactive Feline Protein (TBFP) including leader sequences A 

^ B * Fig. 2 is the nucleic acid sequence and deduced amino acid sequence of chain 

2 of TRFP including a leader sequence. 

Fig 3 is a graphic representation depicting the response of T cells elated 
from cat-aliergic patients and primed with affinity-purified TRFP to overlapping 
TRFP peptides analyzed by the ranked sum of peptide responses. 

Fig 4 is the amino acid sequences of peptide X, peptide Y, peptide Z, peptide 
A and peptideB of TRFP, each of which contains atleast one Tcell epitope of 

' Fig.5isaschematicrepresentationoftheconstructionofarecombitope 

peptide YZX using polymerase chain reaction (PCR) techniques. 

Fig. 6 is a schematic representation of the construction of a recombitope 
peptide AYZXB using PCR techniques. 

Fig 7 is the nucleic acid sequences of oUgonucleotides C D, E,F, G, H, and 
used in the construction of the recombitope peptide YZX and oUgonucleotides J, K r 
L.M N and O used in the construction of the recombitope peptide AYZXB. 

' Fig 8 is me nucleic acid sequent (uti^^ 
the deduced amino acid sequence comprising recombitope peptide YZX. A thrombm 

cleavage site is shown. 

Fig 9 is a schematic representation of the construction of a recombitope 
peptide YZX using PCR techniques with cDNA isolated from TRFP as a template. 

Kg. 10 is the nucleic acid sequences of primers used in the constructton of 
recombitope peptides XZY, YXZ, and ZXY. £ u . A ^ A , 

Fig. 11 is a graphic depiction of the amino acid sequence of the individual 
primers used to construct the recombitope peptides XZY, YXZ and ZXY. 

Fig 12 is a schematic representation of the construction of a recombitope 
peptide derived from phospholipase A 2 , which has ill-defined T cell epitopes. 

Fig 13 is a representation of the results of SDS/PAGE Western immunoblot 

analysis detecting ^^^^^^"r^^^ 10 
various protein samples, including recombitope peptides XYZ, XZY, YXZ, YZX, 

• ZXY and ZYX. 
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Fig. 14 is a graphic representation of the results of ELISA analysis illustrating 
the binding of human IgE obtained from a cat allergic individual to various protein 
samples, including recombitope peptides XYZ, XZY, YXZ, YZX, ZXY, and ZYX. 

Fig. 15a, 15b and 15c are graphic representations depicting the responses of T 
cell lines from three patients primed in vitro to TRFP, recombitope peptide YXZ, or 
recombitope peptide YZX, and analyzed for response to various peptides. 

Fig. 16 is a graphic representation depicting responses of murine T cells 
immunized with recombitope peptide YZX and analyzed for response in vitro to 
culture with the recombitope peptide YZX as measured by IL-2 production. 

Detailed Desc ription of the Invention 

The present invention relates to isolated peptides, termed recombitope 
peptides, having T cell stimulating activity, such as induction of T cell proliferation, 
lymphokine secretion and/or T cell anergy/tolerization. Recombitope peptides of the 
invention preferably have human T cell stimulating activity and are useful in 
diagnosing and treating sensitivity in an individual to a protein allergen, autoantigen 
or other protein antigen. In general, preferred recombitope peptides within the scope 
of the invention comprise at least two regions derived from the same or from 
different protein allergens or other protein antigens, each region preferably having 
human T cell stimulating activity as determined by standard T cell biology 
techniques, and thus comprising at least one T cell epitope. In order to determine 
precise T cell epitopes by, for example, fine mapping techniques, the peptide regions 
comprising at least one T cell epitope that have been defined by standard T cell 
biology techniques can be modified by addition or deletion of amino acid residues at 
either the amino or carboxy terminus of the peptide regions and tested to determine a 
change in T cell reactivity to the modified peptide. Furthermore, if two or more 
peptide regions which share an area of overlap are found to have human T cell 
stimulating activity, as determined be standard T cell biology techniques, additional 
peptides can be produced comprising all or a portion of such peptide regions and 
these additional peptides can be tested by the above fine mapping procedure. As a 
result of fine mapping, a set of human T cell epitopes comprising amino acid residues 
essential to T cell recognition can be produced. 

Recombitope peptides of the invention can be produced by recombinant DNA 
techniques in a host cell transformed with a nucleic acid sequence coding for such 
recombitope peptide, or by chemical synthesis, or in certain limited situations by 
chemical cleavage of a protein allergen or other protein antigen. When produced by 
recombinant techniques, host cells transformed with nucleic acid encoding a 
recombitope peptide are cultured in a medium suitable for the cells and recombitope 
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peptides can be purified from cell culture medium, host cells, or both using 
techniques known in the art for purifying peptides or proteins including ion-exchange 
chromatography, isoelectricfocusing, gel filtration chromatography, ultrafiltration, 
electrophoresis or immunopurification with antibodies specific for the recombitope 
peptide, the protein allergen or other antigen from which the recombitope peptide is 
derived, or a portion thereof. Thus, one aspect of this invention provides a 
recombitope peptide produced in a host cell transformed with a nucleic acid sequence 
coding for a recombitope peptide, or the functional equivalent of the nucleic acid 
sequence. Recombitope peptides of the invention are isolated such that the 
recombitope peptide is substantially free of cellular material or culture medium when 
produced by recombinant DNA techniques, or substantially free of cheimcal 
precursors or other chemicals when synthesized chemically, or obtained by chemical 
cleavage of a protein allergen or other protein antigen. 

To obtain preferred recombitope peptides of the present invention comprising 
at least two TceU epitopes of a protein allergen or otherprotein antigen orat least 
two regions, each region comprising at least one T cell epitope of a protein allergen 
or other antigen, the T cell epitopes or regions containing T cell epitope(s) are 
arranged in a configuration different from a naturally-occurring configuration of the 
T cell epitopes or regions in the allergen or antigen. For example, the T cell epitopes 
or regions containing T cell epitope(s) can be arranged in a noncontiguous 
configuration and can preferably be derived from the same protein allergen or other 
antigen Noncontiguous is defined as an arrangement of amino acids comprising T 
cell epitopes or regions containing T cell epitope(s) which is different than that of an 
amino acid sequence present in the protein allergen or other protein antigen from 
which the epitopes or regions are derived. Furthermore, the noncontiguous T cell 
epitopes or regions containing T cell epitopes can be arranged in a nonsequential 
order (e.g., in an order different from the order of the amino acids of the native 
protein allergen or other protein antigen from which the T cell epitopes or region 
containing T cell epitope(s) are derived in which amino acids are arranged from an 
amino terminus to a carboxy terminus.) A preferred recombitope peptide comprises 
at least 15%, more preferably at least 30%, even more preferably at least 50% and 
most preferably up to 100% of the T cell epitopes of a protein allergen or other 
protein antigen. 

In the situation where the T cell epitopes of a protein allergen or other protein 
antigen are unknown or ill-defined (e.g., some or all of the peptide regions of the 
protein antigen which have human T cell stimulating activity have notbeen defined 
by standard T cell biology techniques or the precise human T cell epitopes of the 
protein antigen have notbeen defined by fine mapping techniques), a recombitope 
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peptide may be obtained by reviewing the known protein structure of an allergen or 
other antigen and theoretically dividing the allergen or antigen into at least two 
peptide regions of desired lengths. For example, the protein sequence of the allergen 
or other antigen can be systematically divided into at least two non-overlapping 
peptide regions of desired lengths, or at least two overlapping peptide regions of 
desired lengths and theoretically arranged to form at least one recombitope peptide in 

^ which the at least two regions are rearranged in a noncontiguous and preferably 

nonsequential order. This division into peptide regions can be arbitrary, can be made 
according to an algorithm, or can be wholly or partially based on regions of the 
protein antigen known to comprise at least one T cell epitope. 

When just a few of the peptide regions of the protein allergen or other protein 
antigen comprising at least one T cell epitope are known or when all the regions of 
the protein allergen or other protein antigens which have human T cell stimulating 
activity are unknown, preferably, at least 50% of the entire protein sequence of the 
protein allergen or other protein antigen and more preferably, the entire protein 
sequence of the protein allergen or other protein antigen is divided and rearranged 
into one or more recombitope peptides. The purpose behind using such a large 
percentage of the protein sequence of the protein antigen in forming the recombitope 
peptide is so that the resultant recombitope peptide comprises at least 15%, more 
preferably at least 30%, even more preferably at least 50%, and most preferably at 
least 100% of the T cell epitopes of the protein antigen. Of course, it the few peptide 
regions of the protein antigen each known to comprise at least one T cell epitope 
constitute the above-stated percentage of the T cell epitopes of the protein antigen 
and such peptide regions do not constitute at least 50% of the entire protein sequence 
of the protein antigen, it is not necessary to use such a large percentage of the entire 
protein sequence in forming the recombitope peptide. According to this method, 
recombitope peptides can then be produced recombinantly or synthetically and the 
ability of the recombitope peptide to stimulate human T cells can be determined. 
When the recombitope peptide comprises regions derived from a protein allergen, the 
individual peptide regions can l>e produced and tested to determine which regions 
bind immunoglobulin E specific for the allergen and which of such re gions would 
cause the release of mediators (e.g. histamine) from mast cells or basophils. Those 
peptide regions found to bind immunoglobulin E and cause the release of mediators 
from mast cells or basophils in greater than approximately 10-15% of the allergic 

* sera tested are preferably not included in the peptide regions arranged to form 

recombitope peptides. 

Constructing a recombitope peptide derived from phospholipid A2, a major 

allergen from honeybee venom can be used as an illustrative example of the 
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construction of a recombitope peptide when the protein structure of a protein antigen 
* known, but the Tcell epitopes are unknown or ill-defined. Phosphoupase A 2 is 
composed of 134 amino acids as defined by cDNA cloning (Kuchler, K. et al. EHti 
ftOShssL 184:249-254). This amino acid sequence can be divided into regions, each 
preferably containing 20 to 35 amino acid residues, each region preferably 
overlapping another region by about 10 amino acids (see Fig. 12). Although Fig. 12 
shows the entire protein sequence of the protein divided into regions, the total 
sequence used to form at least one recombitope peptide can be substantially less than 
the entire protein sequence. To maximize the potential of including T cell epitopes m 
the constructed recombitope peptide, areas of overlap and length of each region can 
be designed to maintain the presence of T cell epitopes predicted using algorithms 
(Rothbard, J. and Taylor, W.R. EMBQI. 7:93-100 (1988); Berzofsky, LA. EbilflS 
T ,. n ncP SncLond. 323:535-544 (1989)). Preferably, human T cell epitopes within 
a protein allergen can be predicted using known HLA class H specific binding 
specific amino acid residues. Furthermore, to minimize the likelihood that the 
constructed recombitope peptide will bind human allergic IgE, the amino acid 
sequence of the resulting recombitope peptide can be made different from that of the 
native structure of phospholipase A 2 by scrambling the regions and/or by transposing 
amino terminal regions or carboxy terminal regions to the opposite end of the 
molecule (i.e., amino acid residues located at the amino terminus of the native protein 
can be placed in the carboxy terminus of the recombitope peptide). A similar 
procedure can be utilized to construct a recombitope peptide derived from an 
autoantigen with a known protein structure, but with undefined T cell epitopes such 
as glutamic acid decarboxylase (e.g., Samama, J.P., and Mallet, J. Journal of 
M*nrnP.h ft mistrv 54:703-705 (1990)), insulin (Town's PiflheteS Mgllitus , 12th Edition, 
Eds. A. Marble et aL, Lea & Febiger, Philadelphia, p. 67 (1985)), , etc. In this 
situation, the peptide regions are arranged in a configuration different from a 
naturally-occurring configuration of the regions in the autoantigen to eliminate an 
undesired property of the autoantigen such as immunoglobulin binding or enzymatic 
activity. 

Recombitope peptides comprising at least two regions derived from an 
allergen or other antigen are tested to determine those recombitope peptides having T 
cell stimulating activity (i.e., proliferation, lymphokine secretion and/or induction of 
T cell anergy/ tolerization) and thus comprise at least one T ceU epitope. For 
example, human T cell stimulating activity can be tested by culturing T cells obtained 
fiom an individual sensitive to a protein allergen or protein antigen (Le„ an 
individual who has an immune response to the protein allergen or protein antigen) 
with a recombitope peptide derived from the protein allergen or antigen and 
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determining the presence of proliferation by the T cells in response to the 
recombitope peptide. As described in detail in the Examples, stimulation indices for 
responses by T cells to recombitope peptides can be calculated as the maximum CPM 
in response to recombitope peptide divided by the medium control CPM. As used 
throughout this application, human T cell stimulating activity is defined as a 
stimulation index of at least 2.0. A stimulation index of at least 2.0 is considered 
positive for purposes of defining recombitope peptides useful as immunotherapeutic 
agents. Preferred recombitope peptides have a stimulation index of at least 2.5, more 
preferably at least 3.5, and most preferably at least 5.0. 

In addition, preferred recombitope peptides of the invention derived from 
protein allergens do not bind immunoglobulin E (IgE) or bind IgE to a substantially 
lesser extent than the protein allergen(s) from which the peptides are derived binds 
IgE. Tht major complications of standard immunotherapy are systemic responses 
such as anaphylaxis. Immunoglobulin E is a mediator of anaphylactic reactions 
which result from the binding and cross-linking of antigen to IgE on mast cells or 
basophils and the release of mediators (e.g., histamine, serotonin, eosinophil 
chemotactic factors). Thus, anaphylaxis could be avoided by the use of a 
recombitope peptide which does not bind IgE, or if the recombitope peptide binds 
IgE, such binding does not result in the release of mediators (e.g., histamine, etc.) 
from mast cells or basophils. In addition, recombitope peptides which have minimal 
IgE stimulating activity are particularly desirable for therapeutic effectiveness. 
Minimal IgE stimulating activity refers to IgE production that is less than the amount 
of IgE production and/or IL-4 production stimulated by the whole protein allergen. 

A recombitope peptide of the invention derived from a protein allergen, 
when administered to an individual sensitive to the protein allergen, is capable of 
modifying the allergic response of the individual to the allergen. Particularly, 
recombitope peptides comprising at least two T cell epitopes of a protein allergen or 
at least two regions derived from a protein allergen, each region preferably 
comprising at least one T cell epitope, when administered to an individual sensitive to 
the allergen are capable of modifying T cell response of the individual to the allergen. 
As used herein, modification of the allergic response of an individual sensitive to a 
protein allergen can be defined as non-responsiveness or diminution in symptoms to 
the allergen, as determined by standard clinical procedures (see e.g., Varney et al., 
Bri tish Medical Journal 302 : 265-269(1990)). 
a As a result of the work described herein, recombitope peptides derived from 

protein allergens or other protein antigens and having T cell stimulating activity or 
preferably comprising two regions each having at least one T cell epitope have been 
produced. T cell epitopes are believed to be involved in initiation and perpetuation of 
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theimmuneresponsetoap^^ 

responsible respectively for the clinical symptoms of allergy or omer diseases These 

binding to an appropriate HLA molecule on the surface of an antigen presenting cell 
andstimulatingtherelevantTcellsubpopulation. These events lead to T cell 
proliferation, lymphokine secretion, local inflammatory reactions, recruitment : of 
additional immune cells to the site, and activation of theBcell cascade leadmgto 
production of antibodies. One isotype of these antibodies, IgE, is fundamentally 
important to the development of allergic symptoms and its production is influenced 
early in thecascade of events, atthe level oftheThelper cell, by the nature of the 
lymphokines secreted. A T cell epitope is the basic element or smallest unit °^ 
recognitionbyaTcell receptor, where theepitope comprises ammo acids essential to 

sequence of the protein. A T cell epitope, as used herein has astimulauon index of at 
least 2.0, more preferably at least 2.5, even more preferably at least 3 5 and most 
preferablyatleast5.0. Amino acid sequences which mimic those of the T cell 
epitopes and which modify the allergic response to protein allergens are within the 

scope of this invention. j.^h 
Exposure of patients to recombitope peptides of the presentmvention derived 
from protein allergens or other protein antigens may tolerize or anergize appropriate 
T cell subpopulations such that they become unresponsive to the protein allergen or 
other antigen and do not participate in stimulating an immune response upon such 
exposure. In addition, adrmnistration of a recombitope peptide of the present 
invention derived from a protein allergen may modify the lymphokine secret™ 
profile as compared with exposure to the naturaUy-occurring protein allergen or 
portion thereof (e.g., result inadecreaseofIL-4 and/or an increase in IL-2). 
Furthermore, exposure to the recombitope peptide may influence T cell 
subpopulations which normally participate in me response to the allergen such that 
these T cells are drawn away from the site(s) of normal exposure to the allergen (e.g., 
aasal mucosa, skin,and lung) towards the site(s) of therapeutic administration of the 
recombitope peptide. This redistribution of T cell subpopulations may amenorate or 
reduce the ability of an individuai's immune system to stimulate the usual immune 
response at the site of normal exposure to the allergen, resulting in a diminution in 
jdlergic symptoms. 

Recombitope peptides of the invention preferably comprise at least two T cell 
epitopes (e.g., the recombitope peptide comprises at least approximately eight ammo 
acidreadues, and preferably at leastfifteen amino acid residues). Other recombitope 
peptides of the invention comprise atleast two regions derived from the same or from 
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different protein allergens or other protein antigens, said recombitope peptides having 
T cell stimulating activity and each region preferably having human T cell 
stimulating activity and accordingly comprising at least one T cell epitope of a 
protein allergen or other protein antigen. In general, each such region of a 
recombitope peptide comprises at least approximately seven amino acid residues of at 
least one protein allergen. Each such region of a recombitope peptide preferably 
comprise at least two T cell epitopes (e.g., the recombitope peptide comprises at least 
approximately eight amino acid residues and preferably at least fifteen amino acid 
residues). Recombitope peptides of the invention can comprise as many amino acid 
residues as desired and preferably comprise at least about 7, more preferably at least 
about 15, even more preferably at least about 30 and most preferably at least about 40 
amino acid residues of a protein allergen or other protein antigen. A region of a 
recombitope peptide preferably comprises up to 45 amino acid residues in length, 
more preferably up to 40 amino acid residues in length, and most preferably up to 30 
amino acid residues in length, as increases in length of a region of a recombitope 
peptide may result in difficulty in peptide synthesis as well as retention of an 
undesirable property (e.g., immunoglobulin binding or enzymatic activity) due to 
maintenance of conformational similarity between the region and the protein allergen 
or other protein antigen from which it is derived. If desired, the amino acid 
sequences of the regions can be produced and joined by a linker to increase 
sensitivity to processing by antigen-presenting cells. Such linker can be any non- 
epitope amino acid sequence or other appropriate linking or joining agent 

When recombitope peptides are derived from protein allergens, they can 
comprise at least two regions derived from different protein allergens from the same 
genus, such as: the genus Dermatophagoides : the genus g elis ; the genus Ambrosia; 
the genus Lolium : the genus Crvptomeria : the genus Al tern aria: the genus Alder; the 
genus Betula : the genus Quercus : the genus Plea : the genus Artemisia: the genus 
Plantago : the genus Parietaria : the genus Canine : the genus Blattella . the genus Apis : 
and the genus Periplaneta . In addition, recombitope peptides can comprise at least 
two regions derived from cross-reactive species, for example one region derived from 
Dermatophagoides pteronyssinus and one region derived from Dermatophagoide s 
fai inae . In another embodiment, the regions can be derived from the same Species 
(e.g., one region derived from Derp I and one region derived from Per p II; one 
region derived from Per f I and one region derived from Derf II; one region derived 
from Amb a I and one region derived from Arab a II; one region derived from Lol p I 
and one region derived from Lol p IX; and one: region derived from Cry j I and one 
region derived from Cry j II). Furthermore, recombitope peptides can comprise at 
least two regions derived from different protein allergens from the same group, such 
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as one region derived from a group I protein allergen of P er matophagoides 
Vzes^ (i.e., Dsm D and one region derived from a group I protein allergen of 
Tternwm^te^ C^Botf D- Alternatively, the regions can be derived 
from different protein allergens from the same family (e.g., AmLaLl. Am&jUA 
Ankll 3. and Ambji 14). Particularly preferred recombitope peptides for treating 
sensitivity to EsEs. doassto are derived from the genus EfiMs and comprise regions 
selected from peptides X, Y, Z, A and B, of TRFP, the amino acid sequences of 
each peptide as shown in Fig. 4, and modifications thereof, such as peptide C, which 
is a one amino acid addition to peptide A and is shown in Fig 4. Preferred 
recombitope peptides comprise peptide YZX and peptide AYZXB. Throughout the 
application, the letters X, Y. Z, A, B, and C refer respectively to peptide X, peptide 

Y peptide Z, peptide A, peptide B , and peptide C and when the letters are used 
together (e.g., YZX), we are referring to a recombitope peptide comprising peptide 

Y peptide Z and peptide X in the sequential order specified (i.e., YZX refers to a 
recombitope peptide comprising the amino acid sequence of peptide Y followed 
immediately, without any intervening amino acid residues, by the amino acid 
sequence of peptide Zfollowed immediately, without any intervening ammo acid 
residues, by the amino acid sequence of peptide X). The recombitope peptides of the 
invention, e.g., YZX, can comprise additional amino acid residues of either the ammo 
or carboxy terminus of the recombitope peptide. 

Recombitope peptides of the invention can be derived from protein antigens 
other than protein allergens where enhancement or depression of an antigen specific 
immuneiesponse is desired. For example, regions having human T cell stimulating 
activity of a known autoantigen involved in the pathogenesis of an autoimmune 
disease or T cell epitopes of a known autoantigen can be identified and combined in a 
recombitope peptide to decrease the antibody response to the autoantigen, to interfere 
with efficacy and/or decrease immune complex related side effects. In order to 
preserve the T cell reactivity of the autoantigen, regions of the autoantigen having 
human T cell stimulating activity could be defined by standard T cell biology 
techniques, of if desired, precise T cell epitopes can be defined by fine mapping 
techniques and a recombitope peptide comprising atleast two regions each having 
human T ceE stimulating activity and comprising at least one T cell epitope 
produced. For example, if three regions having human T cell stimulating activity or 
three T cell epitopes were found in an autoantigen in a sequential and contiguous 
order 1, 2, 3 from an amino terminus to a carboxy terminus, six possible 
recombitope peptides utilizing each region or each T cell epitope once could be 
produced comprising the three regions or T cell epitopes in various orders (e.g., 213, 
312, 132, 321,. 123, 231). These six recombitope peptides could be tested for the 
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ability to stimulate T cell activity and for the absence of an undesired property 
present in the autoantigen, e.g., the inability of the recombitope peptide(s) to bind 
autoantibodies. Alternatively, as described previously, recombitope peptides can be 
constructed from an autoantigen without knowing which regions have T cell 
stimulating activity or what the precise T cell epitopes are. The recombitope peptides 
which stimulate T cells and do not have undesired properties of the autoantigen (e.g., 
do not bind autoantibodies in a substantial percentage of individuals sensitive to the 
autoantigen) are selected for use as immunotherapeutics or diagnostic agents. In the 
form of a therapeutic composition, the recombitope peptide would be delivered in a 
physiologically acceptable vehicle in the absence of adjuvant to allow the 
recombitope peptide to induce antigen specific tolerance to the autoantigen from 
which the recombitope is derived and regulate any potentially damaging immune 
response. Among autoantigens useful in producing recombitope peptides are insulin, 
glutamic acid decarboxylase (64K), PM-1 and carboxypeptidase in diabetes; myelin 
basic protein in multiple sclerosis; rh factor in erythroblastosis fetalis; acetylcholine 
receptors in myasthenia gravis; thyroid receptors in Graves 1 Disease; basement 
membrane proteins in Good Pasture's syndrome; and thyroid proteins in thyroiditis. 
For example, regions having human T cell stimulating activity of myelin basic 
protein (MBP); e.g. a region comprising all or a portion of amino acid residues 84- 
106 and more preferably 84-102 and more preferably 89-101 of human MBP and a 
region comprising all or a portion of amino acid residues 140-172 and more 
preferably 143-168 of human MBP, can comprise a recombitope peptide of the 
invention for use in treating multiple sclerosis. 

Recombitope peptides within the scope of the invention can be used in 
methods of treating and diagnosing sensitivity in an individual to a protein allergen or 
other protein antigen. Thus, one aspect of the invention provides therapeutic 
compositions comprising a recombitope peptide and a pharmaceutically acceptable 
carrier or diluent Administration of the therapeutic compositions of the present 
invention to desensitize an individual to a protein allergen or other protein antigen 
can be carried out using known techniques. For example, a recombitope peptide can 
be administered in combination with an appropriate diluent, a carrier, and/or an 
adjuvant, where appropriate. Pharmaceutically acceptable diluents include saline and 
aqueous buffer solutions. Pharmaceutically acceptable carriers include polyethylene 
glycol (Wie et al., Internationa] Archives of Allergy and Applied Immunology £4: 
84-99 (1981)) and liposomes (Strejan et al.. Journal of Neuroimmunolog y 7: 27 
(1984)). Pharmaceutically acceptable adjuvants include alum. Such compositions 
will generally be administered by injection (subcutaneous, intravenous, etc.), oral 
administration (e.g., as in the form of a capsule), inhalation, transdermal application 
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or rectal administration. The therapeutic compositions of the invention are 
administered to individuals sensitive to an allergen or other protein antigen from 
which the recombitope peptide is derived, at dosages and for lengths of time effective 
to reduce sensitivity of the individual to the allergen or other antigen. A 
therapeutically effective amount of one or more of the same or of different 
therapeutic compositions can be administered simultaneously or sequentially to an 
individual sensitive to an allergen or other protein antigen. Effective amounts of the 
therapeutic compositions will vary according to factors such as the degree of 
sensitivity of the individual, the age, sex, and weight of the individual, and the ability 
of the peptides to stimulate a T cell response in the individual. In yet another aspect 
of the present invention, a composition is provided comprising at least two 
recombitope peptides (e.g., a physical mixture of at least two recombitopes), each 
comprising at least twoTcell epitopes derived from the same or from different 
protein allergens or other protein antigens. 

The present invention also provides methods of detecting sensitivity in 
individuals to a protein antigen and methods of determining the presence of 
immunoglobulin specific for a protein antigen and the ability of T cells of individuals 
to respond to the antigen. In order to detect sensitivity, a blood sample obtained from 
the individual or at least one portion of the sample is combined with a protein 
antigen, modified form of the protein antigen, or aportion of either antigen, each of 
which binds immunoglobulin specific for the antigen, under conditions appropriate 
for binding of blood components with the antigen, modified antigen or portion 
thereof. Asecond blood sample obtained from an individual found to have binding 
of blood components with the protein antigen, modified antigen or portion thereof, or 
a second portion of thefirstblood sample from an individual found to have binding 
of blood components with the protein antigen, modified antigen or portion thereof, is 
combined with a recombitope peptide comprising at least two regions derived from a 
protein antigen, said recombitope peptide having T cell stimulating activity; or a 
recombitope peptide comprising at least two regions derived from a protein antigen, 
each region which has human T cell stimulating activity; or a modified form of the 
protein antigen or aportion thereof; or the protein antigen produced recombinamly, 
each of which does not bind immunoglobulin specific for the protein antigen in a 
substantial percentage of the population of individuals sensitive to the protein antigen 
(e.g., atleastabout75%), in orderto determine whether T cell stimulation occurs. If 
the protein antigen is aprotein allergen, then the modified form of the protein 
allergen or a portion thereof, the recombinant^ produced protein allergen, or the 
recombitope peptide derived from the protein allergen does not bind IgE specific for 
. the protein allergen, orif binding of IgE occurs, such binding does notresult in 



r rvisnnr in- .wn q.infipflOAi I > 



BNS oaoe 13 



WO 93/08280 PCIYUS92/08694 

17 

release of mediators from mast cells or basophils in a substantial percentage of a 
population of individuals sensitive to the allergen. If the individual is found to have 
binding of blood components to the antigen, modified antigen or portion thereof and 
T cell stimulation in response to the recombitope peptide, modified protein antigen, 
or portion thereof or recombinantly produced protein antigen, then the individual can 
be administered a therapeutically effective amount of a therapeutic composition 
comprising the recombitope peptide, recombinantly produced protein antigen, or the 
modified form of the protein antigen or portion thereof, and a pharmaceutical^ 
acceptable carrier or diluent to desensitize the individual to the protein antigen. 

The present invention also provides methods for detecting specific Delayed 
Type Hypersensitivity in an individual to at least one protein allergen. According to 
the method, an individual is administered a Delayed Type Hypersensitivity test (See 
e.g., Immunology (1985) Roitt, I.M., Brostoff, J., Male, D.K. (eds), C.V. Mosby Co., 
Gower Medical Publishing, London, NY, pp. 19.2-19.18; pp.22. 1-22. 10) utilizing a 
modified form of the protein allergen or other protein antigen or a portion thereof, or 
a protein allergen or other protein antigen produced recombinantly, or a recombitope 
peptide derived from said at least one protein allergen or other protein antigen, each 
of which has human T cell stimulating activity and each of which does not bind 
immunoglobulin specific for the protein allergen or other protein antigen in a 
substantial percentage (e.g., at least about 75%) of individuals sensitive to said 
protein allergen or other protein antigen. If the protein antigen is a protein allergen, 
then the modified form of the protein allergen or a portion thereof, the recombinantly 
produced protein allergen, or the recombitope peptide derived from the protein 
allergen does not bind IgE specific for the protein allergen, or if binding of IgE 
occurs, such binding does not result in release of mediators from mast cells of 
basophils in a substantial percentage of a population of individuals sensitive to the 
allergen. It has been found that recombinant chain 1 of TRFP in a dimeric form has 
markedly reduced IgE binding, but maintains T cell reactivity (i.e., recombinant 
dimeric chain 1 contains peptides X and Y, both of which are known to contain at 
least one T cell epitope) and that mild alkali treated TRFP has markedly reduced IgE 
binding, but maintains T cell reactivity. Accordingly, recombinant chain 1 of TRFP 
in dimeric form or alkali treated TRFP could be used in the Delayed Type 
Hypersensitivity test described above, or in other diagnostic assays to determine 
sensitivity in an individual to T cell epitope(s) of TRFP and/or they cati be used in 
therapeutic compositions to desensitize individuals to TRFP. After administration of 
the Delayed Type Hypersensitivity test, the extent to which a specific Delayed Type 
Hypersensitivity reaction occurs in the individual to the protein allergen or other 
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protein antigen indicating presence in the individual of T cells specific to T cell 
epitopes of the protein allergen or other protein antigen is determined 

The presentinvention further provides methods of detecting and treatmg 
sensitivity in an individual to at least one protein allergen. The presence in 
individuals of IgE specific for at least one protein allergen and the ability of T cells 
of the individuals to respond to T cell e P itope(s) of the protein allergen can be 
determined by administering to the individuals an Immediate Type Hype—* 
.standaDelayedTypeHypersensitivitytest The mdividuals an 
Immediate Type Hypersensitivity test (See e.g., Imnmnoto (1985) Roitt, I.M., 
Brostoff, J., Male, DJL (eds), C.V. Mosby Co., Gower Medical Pubhshmg, London 
NY pp 19.2-19.18; P p.22.1-22.l0)uu^^ 

IgE specific for the allergen. The same individuals are administered a Delayed Type 
Hypersensitivity test prior to, simultaneously with, or subseq^nttoadmnnstrauonof 
the Immediate Type Hypersensitivity test Of course, if the Immediate Type 
Hypersensitivity test is administered prior to the Delayed Type Hypersensiuvuy test, 
thVDelayed Type Hypersensitivity test would be given to those individuals exhibiting 
a specific Immediate Type Hypersensitivity reaction. The Delayed Type 
Hypersensitivity test utilizes a modified form of the protein allergen or a portion 
thereof, the protein allergen produced recombinantly, or a recombitope peptide 
derivedfrommepro te inaUergen,eachofwhichhashumanTceUstimulatmg 

activity and each of which does not bind IgE specific for the allergen in a substantial 
percentage of the population of individuals sensitive to the allergen (e.g., at least 
about 75%). Those individuals found to have both a specific Immediate Type 
Hypersensitivity reaction and a specific Delayed Type Hypersensitivity reaction are 
administered a therapeutically effective amount of a therapeutic composition. The 
therapeutic composition comprises the modified form of the protein or portion 
thereof, the recombinantly produced protein allergen, or the recombitope peptide, 
each as used in the Delayed Type Hypersensitivity test, and a pharmaceuticaUy 

acceptable carrier or diluent 

It is also possible to modify the structure of recombitope peptides for such 
purposes as increasing solubility, enhancing therapeutic or preventive efficacy, or 
stability (e g., shelf life £2LSdm and resistance to proteolytic degradation mvivp). 
A modified recombitope peptide can be produced in which the amino acid sequence 
has been altered, such as by amino acid substitution, deletion, or addition, to modify 
immunogenic*? and/or reduce allergemcity, or to which a component has been added 
for the same purpose. For example, the amino acid residues essential to T cell 
epitope function can be determined using known techniques (e.g., substituuon of each 
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residue and determination of presence or absence of T cell reactivity). Those 
residues shown to be essential can be modified (e.g., replaced by another amino acid 
whose presence is shown to enhance T cell reactivity), as can those which are not 
required for T cell reactivity (e.g., by being replaced by another amino acid whose 
incorporation enhances T cell reactivity but does not diminish binding to relevant 
MHC). Another example of a modification of recombitope peptides is substitution of 
cysteine residues preferably with alanine, or glutamic acid, or alternatively with 
serine or threonine to minimize dimerization via disulfide linkages. In order to 
enhance stability and/or reactivity, recombitope peptides can also be modified to 
incorporate one or more polymorphisms in the amino acid sequence of a protein 
allergen resulting from natural allelic variation. Additionally, D-amino acids, non- 
natural amino acids or non-amino acid analogues can be substituted or added to 
produce a modified peptide within the scope of this invention. Furthermore, 
recombitope peptides can be modified using the polyethylene glycol (PEG) method 
of A. Sehon and co-workers (Wie et al. sipm) to produce a peptide conjugated with 
PEG. Modifications of recombitope peptides can also include reduction/alkylation 
(Tarr in: Methods of Pro tf ; P M^Jiaractftrization. Silver ed. Humana Press, 
Clifton, NJ, pp 155-194 (1986)); acylation (Tarr, SHPEa); esterification (Tarr, supra); 
chemical coupling to an appropriate carrier (Mishell and Shiigi, eds, Selected 
Methods in Cellular Tmmunologv . WH Freeman, San Francisco, CA (1980); U.S. 
Patent 4,939,239); or mild formalin treatment (Marsh International Archives of 
Allergy and App lied Tmmunologv 41: 199-215(1971)). 

To facilitate purification and potentially increase solubility of recombitope 
peptides, it is possible to add reporter group(s) to the peptide backbone. For 
example, poly-histidine can be added to a recombitope peptide to purify the 
recombitope peptide on immobilized metal ion affinity chromatography (Hochuli, E. 
et *i Rio/Technolog y. 6:1321-1235 (1988)). In addition, specific endoprotease 
cleavage sites can be introduced, if desired, between a reporter group and amino acid 
sequences of a recombitope peptide to facilitate isolation of recombitope peptides 
free of irrelevant sequences. In order to successfully desensitize an individual to a 
protein antigen, it may be necessary to increase the solubility of a recombitope 
peptide by adding functional groups to the peptide or by not including hydrophobic T 
cell epitopes or regions containing hydrophobic epitopes in the recombitope peptides. 

To potentially aid proper antigen processing of T cell epitopes within a 
recombitope peptide, canonical protease sensitive sites can be recombinantly or 
synthetically engineered between regions, each comprising at least one T cell epitope. 
For example, charged amino acid pairs, such as KK or RR, can be introduced 
between regions within a recombitope peptide during recombinant construction of the 
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recombitope peptide. The resulting recombitope peptide can be rendered sensitive to 
catnepsin and/or other trypsin-like enzymes cleavage to generate portions of the 
recombitope peptide containing one or more T cell epitopes. In addition, such 
charged amino acid residues can result in an increase in solubility of a recombitope 

peptide. . 

Site-directed mutagenesis of DNA encoding a recombitope peptide can be 
used to modify the structure of the recombitope peptide. Such methods may involve 
PCR (Ho etaL,fieo&ZZ;51-59 (1989)) or total synthesis of mutated genes 
Z^XzT^r m ^ ^,C0nM. 1^:1056-1063(1989)). To 
enhance bacterial expression, the aforementioned methods can be used in conjunction 
with other procedures to change the eucaryotic codons in DNA constructs encoding 
recombitope peptides to ones preferentially used in E^eoli- 

The present invention also provides nucleic acid sequences coding for 
recombitope peptides of the invention. Nucleic acid sequences used in any 
embodiment of this invention can be cDNA as described herein, or alternatively, can 
be any oligodeoxynucleotide sequence havingall or a portion of a sequence 
represented herein, or their functional equivalents. Such oligodeoxynucleotide 
sequences can be produced chemically or mechanically, usingknown techniques. A 
functional equivalent of an oligonucleotide sequence is one which is 1) a sequence 
capable of hybridizing to a complementary oligonucleotide to which the 
oligonucleotide sequence (or corresponding sequence portions) or fragments thereof 
hybridizes, or 2) the sequence (or corresponding sequence portion) complementary to 
the oligonucleotide sequence and/or 3) a sequence which encodes a product (e.g., a 
protein, a polypeptide or a peptide) having the same functional characteristics of the 
product encoded by the oligonucleotide sequence (or corresponding sequence 
portion). Whether a functional equivalent must meet one or more criteria will depend 
on its use (e.g. r if it is to be used only as aprobe for hybridization, it need meet only 
the first or second criteria and if it is to be used to produce a peptide of the present 
invention, it need only meet the third criterion). 

As described in the Examples which follow, chains 1 and 2 of the human T 
cell Reactive Feline Protein (TRFP) (Figs. 1 and 2) have been recombinant^ 
expressed in 1, soli and purified. T cell epitope studies using overlapping peptide 
regions derived from the TRFP amino acid sequence were used to identify multiple T 
cell epitopes in each chain of TRFP. As described in detail in Example 2, DNA 
constructs were assembled in which three regions (designated peptide X, peptide Y 
and peptide Z), each containing at least one major human T cell epitope of TRFP 
were linked in six possible combinations to produce six DNA constructs encoding 
recombitope peptides comprising the three regions in six different configurations. 
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Since peptide X shares 5 amino acids at its carboxy terminus with 5 amino acids at 
the amino terminus of peptide Y, recombitope peptides XYZ and ZXY could have 
been constructed with or without duplication of said 5 amino acids (See Fig. 11 
where ZXY is constructed without duplication of the 5 amino acid sequence). In the 
following Examples, the recombitope peptides were assembled contiguously, without 
duplication of the 5 amino acid sequence. In addition to the three regions X, Y and 
Z, other regions, each containing at least one human T cell epitope, could also be 
included in the recombitope peptides and DN A constructs having four or more 
regions (of N! configurations, where N= the number of regions) produced. 
Alternatively, one or more regions can be substituted for peptide X, peptide Y, or 
peptide Z, such as peptide A or B as shown in Fig. 4, to produce for example 
recombitope peptide AXY. 

Detailed protocols are described for the cleavage and removal of extraneous 
sequences added to recombitope peptides as an aid to purification. Purified 
recombitope peptides have been examined for the binding of human cat-allergic 
patients' IgE on Western blots and compared to IgE binding of recombinant chains 1 
and 2 of TRFP. An ELISA was performed to examine allergic IgE binding to 
recombitope peptides relative to native TRFP, recombinant chain 1, and recombinant 
chain 2. The work described herein demonstrates that recombitope peptides of the 
present invention have T cell stimulating activity even though their epitope 
configuration generally differs from that found in the native TRFP protein sequence. 
Furthermore, use of the recombitope peptides as prophylactic agents has been shown 
to render mice unresponsive upon antigen challenge with native TRFP, recombinant 
chain 1, or chain 2 of TRFP, or the recombitope peptide used. 

This invention is further illustrated by the following non-limiting examples. 

Example 1 T Cell Epitope Studies with Overlappine TRFP Peptides 

Peripheral blood mononuclear cells (PBMC) were purified by Ficoll-Hypaque 
centrifugation of 60 ml of heparinized peripheral blood from cat-allergic patients, 
who exhibited clinical symptoms of cat allergy and who were skin test positive with 
cat extract Ten million PBMC from an individual patient were cultured in 10 ml 
RPMI-1640 (Gibco) containing 5% pooled human AB serum and supplemented with 
glutamine, penicillin, streptomycin and HEPES buffer (complete RPMI-1640) in the 
presence of 20 yg native affinity-purified TRFP/ml of culture at 37°C for 7 days. 
Viable cells were then purified by Ficoll-Hj'paque centrifugation and cultured for 2 
additional weeks in complete RPMI-1640 containing 5 units recombinant human IL- 
2/ml and 5 units recombinant human IL-4/ral. The resting T cells resulting from the 
culture were then tested in a secondary proliferation assay using a 96 well microtiter 



BNSDOCID: <WO 9308280A1 J > 



PCI7US92/08694 

WO 93/08280 

22 

plate to assess T cell responses to the various TRFP peptides or proteins (TRFP 
antigens) as shown in Fig. 3 . For assay. 2 X 10* resting T cells were cultured in 
complete RPMI- 1640 for 3 days at 37*C in the presence of 5 X 10* autologous 
PBMC (3500 Rads) as antigen presenting cells with a various concentration of one of 
the TRFP antigens in each well in the amount of 200 ul per well. Each well then 
received 1 uCi tritiated thymidine for 16 hours. The counts incorporated were 
collected onto glass fiber filters and processed for liquid scintillation counting. The 
stimulation indices for responses to each peptide were then calculated as the 
maximum CPM in response to antigen divided by the medium control CPU. A 
stimulation index of 2.5 was considered to be a positive T cell response. (As used 
throughout this application, human T cell stimulating activity is defined as a 
stimulationindexofatleast2.0. However, the stimulation index of the Tcell 
epitopes or regions to be used in producing a recombitope of the invention is at least 
2 0 preferably at least 2.5, more preferably at least 3.5 and most preferably at least 
5 0 ) A summary of the results of 34 such experiments is shown in Fig. 3. The top 
five peptide responses to me overlapping set of TRFP peptides covering chain 1 and 
chain 2 of TRFP by the T cell Bne derived from each patient were ranked, assigning 
the highest positive response a 5, the next highest positive a 4, and so on. The sum of 
the ranks obtained for each peptide was then calculated and is displayed on the 
histogram in Fig. 3. This type of analysis highUghts the relative importance of 
different regions of the TRFP molecule in the T cell response to the intact protein. 
The results indicate that the major regions of T cell reactivity in this panel of panents 
are encompassed (in order of importance) by Fel-14.2 (chain 1, amino acid residues 
29-42) Fel-3 1 (chain 1, amino acid residues 18-32), Fel-2 (chain 1, ammo acid 
residues 9-25), Fel-21 (chain 1, amino acid residues 56-70), FeI-29 (chain 1, amino 
acid residues 56-70), Fel-1.2 (chain 1, amino acid residues 1-17), Fel-4 (chain 1, 
amino acid residues 37-55), Fel-18 (chain 2, amino acid residues 23-48), Fel-25 
(chain 2, amino acid residues 49-68) Fel-1 6 (chain 2, amino acid residues 1-22) and 
Fel 23 (chain 1, amino acid residues 5 1 -66). A set of peptides was then designed to 
cover these regions. Portions of Fel-1.2, Fel-2, Fel-3.I and Fel-14.2 comprise 
peptideX (chain l, aniino acid residues 7-33). Portions of Fel-3. 1, Fel-14.2, andFel- 
4 comprise peptide Y (chain 1, amino acid residues 29-55). Portions of FeU6, Fel- 
17 and Fel-18 comprise peptide Z (chain 2, amino acid residues 14-39). Portions of 
Fel-4,Fel21 and Fel-23 comprise peptide A. Portions of Fel-29 comprise peptide 
B. Peptides X, Y, Z, A and B are shown in Fig. 4. 

P^m pU 0 rnns t rnrtinn and Expression of RgCPmhitOpe Peptides 
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PCR methods (Polymerase Chain Reaction) using synthetic oligonucleotides 
were used to construct DNAs encoding the sequences of peptides X, Y 3 and Z. With 
the aim of enhancing expression in E. coli y the codons in the oligonucleotides were 
selected from a table of those prevalent in highly expressed E. coli proteins. Sharp, 
P. M., et aU Nucl. Acids Res . 1&8207 (1988). The oligonucleotides and PCR 
procedures used to construct recombitope peptides are described in detail below. 

Oligonucleotides were designed with E. coli preferred codons as 
schematically represented in Figs. 5 and 6. These oligonucleotides 
(C,D t E,F,G,HJ J,K,UM,N and O shown in Fig. 7), were amplified using a Perkin 
Elmer/Cetus GeneAmp kit, in two separate PCR reactions (PCR#1 and PCR#2, 
respectively wherein PCR #1 resulted in the synthesis of the 5' portion of the DNA 
molecule encoding the recombitope peptide and PCR #2 resulted in the synthesis of 
the 3* portion of the DNA molecule encoding the recombitope peptide). This 
approach was taken due to the presence of a sequence (KALPV) in both peptide X 
and peptide Y that was found to interfere in the proper PCR generation of 
recombitope YZX when a single PCR reaction was performed with oligonucleotides 
(C-I). In producing recombitope peptide AYZXB, as shown in Fig. 6, the 
oligonucleotides used in PCR #1 were N,J,K, and C-I and the oligonucleotides used 
in PCR #2 were C-I and L,M,0. In producing recombitope peptide YZX, as shown 
in Fig. 5, the oligonucleotides used in PCR #1 were C£> E and F, whereas the 
oligonucleotides used in PCR #2 were F, G, H and L Each reaction mixture (10 |Jtg) 
generated the 5' half and 3' half respectively, of the intended YZX structure (Fig. 5). 
These PCR mixtures, after the addition of Taq polymerase, were subjected to the 
following program with cycles of denaturation, annealing and polymerization: 



STEP# TEMPERATURE TIME 

1 94°C 1 MINUTE 

2 50°C 1.5 MINUTES 

3 75°C 2 MINUTES 

4 REPEAT STEPS 1-3 (4 TIMES) 

5 940C 1 MINUTE 

6 60°C 1.5 MINUTE 

7 75°C 2 MINUTES 

8 REPEAT STEPS 5-7 (20 TIMES) 

9 HOLD AT 4°C 



After completion of the PCR.#1 and PCR#2 reactions in the construction of 
the YZX structure, aliquots from each (100 p moles of the 10 \ig total reaction 
mixture; 1/100 volume) were added to a third PCR reaction mixture containing a set 
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was performed utilizing this third PGR reaction mixture as previously described for 
PGR reactions #1 and #2 except that the annealing temperature in Step 6 was rased 
to 650C The completion of PCR#3 produced the DN A encoding recombitope 
peptide YZX. The PCR#3 reaction method is similar to that described in Horton, R- 
M etal Qsn£ 77:61 (1989). The whole reaction mixture used mPCR#3 was 
fractionated on a 2% agarose gel and the appropriate sized band (230 bp) was 

eleetroelutedfrom v , 

recombitope peptide YZX was subjected to another PGR reaction using excess 5 and 
3' amplification primers (C and I). This final product was digested with the 
restriction enzymes BamH I and then cloned into the vector pETlld under the 
transcriptional control of the phage T7 gn 10 lac 0 fusion promoter. Studier, F. W., 
etal MeJhodsmEnzjOQfii, 185:60 (1990). 

Tinker encoding six sequential histidines, (CAC)6, was cloned m-frame 
onto the 5' end of the DNA encoding recombitope peptide YZX. The six hisddme 
OB* or His6) leader sequence allowed purification of theexpressed recombitope 
peptide using QIAGEN NTA-Agarose (Diagen Gmbh, Dusseldorf, Germany), aNi 
chelating support MB^^O** ^ 

encoding Specific enzymatic cleavagesites (e.g., Thrombm, Factor X a , etc) can 
be inserted using PCR methods between the polyhistidine encoding (H 6 ) sequence 
and the DNA encoding the recombitope peptide backbone. In the case of 
recombitope peptide YZX, a thrombin recognition site (LVPRGS) was inserted. 
Uhlen, M., and Moks, T. Mrthods in PwwiwL18£129 (1990), Chang, J,Y. EurJ, 

liQchejn. 151:217 (1985). 

A similar procedure to that described above to construct DNA encoding the 
recombitope peptide YZX was used to construct DNA encoding the recombitope 
peptides XYZ and ZYX. hi addition, other peptides containing T cell epitopes can 
be added to an existing recombitope backbone structure such as YZX (as produced 
above) as was the case with the construction of recombitope peptide AYZXB (see 
Figs 6and7). Alternatively, peptides containingT cell epitopes can be produced 
without the use of an existing recombitope backbone using methods outlined herein. 
To produce recombitope peptide AYZXB, oligonucleotide primers (J-M) with 
overlapping regions to each end of recombitope peptide YZX and a 5' and 3' 
amplification primer (N and O) were produced. (As shown in Fig. 6, the darkened 
part of the molecule is the overlapping sequence). PCR reactions were performed as 
described above. The resulting AYZXB fragment was isolated and subcloned into 
the pET 11DH6 TH vector. 
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An alternative procedure was used to construct the DNA encoding 
recombitope peptides XZY, YXZ, and ZXY. Each of the DNA constructs encoding 
recombitope peptides XZY, YXZ and ZXY were ligated at the codon encoding the 
most N- terminal amino acid of the recombitope peptide with DNA encoding the 
leader sequence MGHHHHHHEF (where amino acids EF are encoded by the Eco RI 
restriction site GAATTC). DNA segments encoding the three recombitope peptides 
were assembled via consecutive PGR essentially as described by Horton et aL y (1989) 
Gene 22: 61-68. The DNA segments encoding peptides X, Y, and Z (shown in Fig. 
4) were amplified from the Fel d I cDNAs described in Morgenstem et ai 9 (1991) 
Proc. Natl. Acad. Sci. U.S.A. 88:. 9690-9694. As shown in Fig. 9, which shows as a 
specific example the construction of the recombitope peptide XZY coding sequence, 
oligonucleotide primers were synthesized with a DNA sequence that would not only 
amplify a specific DNA segment encoding peptide X, Y or Z, but would also 
covalently link a small segment (9-18 base pairs) of the DNA segment encoding the 
adjacent peptide X, Y, or Z. PCR was performed using Vent™ polymerase 
according to New England Biolabs* instructions with an amplification program of 30 
X [94°C 1 min./60°C 1 min. 30 sec/72°C 1 min.]. The primers used for PCR 
amplifications are shown in Fig. 10. Individual recombitope peptide encoding/linker 
DNA fragments from PCR amplifications were purified by preparative gel 
electrophoresis in 3% (wt/vol.) NuSieve (FMC) agarose. These individual PCR 
fragments were then linked in a second PCR reaction to form a DNA construct 
encoding XZY as shown in Figs. 9 and 1 1. In order to link these PCR fragments, 3% 
NuSieve gel slices containing the initial PCR products were melted at 70°C, and 1 ^1 
of each were added to a Vent™ PCR polymerase reaction which employed the 5 f RI 
(NH2-terminal) and 3' Bam (COOH-terrainal) primers. 

Because of the restriction sites present in the expression vector, pETlld 
(Studier etal. 1990) , all extreme 5' primers had EcoR I encoding sites [GAATTC] in 
frame with the DNA encoding the NH:2-terminal amino acids of the particular 

recombitope, while the ends of the extreme 3' primers had BaraH I encoding sites 
[GGATCC]. DNA constructs encoding recombitope peptides XZY, YXZ, and ZXY 
produced from the secondary PCR were EcoR I/BamH I digested and electrophoresed 
through a 0.5 (wt/vol.) SeaPlaque (FMC) agarose gel. Gel slices containing the 
DNA constructs were melted at 70°C and added to a ligation reaction with EcoR 
I/BamH I digested Bluescript KS plasmid (Stratagene). The ligation was transformed 
into competent XL-1 Blue bacteria (Stratagene), and recombinant plasmids with 
inserts identified by diagnostic restriction digests after isolation using Qiatop kit 
(Diagen GmbH). The sequence of inserts was verified by dideoxy chain-termination 
sequence analysis using a Sequenase D kit (United States Biochemicals). 
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BluescriptKSpla^ 
■a cvrv YXZandZXY inserts with correct nucleotide sequence were EcoK 

226-1229-1236) • pETlldHisAmi.aI.lAHR was denvedfromp BTlldw wo 
«- W pBTlld was Eco WfflnD m digested, blunted with Klenow fragmen of 
SiSSL -d Hgated back ,0 toeK* create P ET. Id AHR- pET. Id 
^d^^maodBcoRI^ ^PBIUdHia^aU^- 
Led by excising <he H6 Ami> al 1 cassette from the exp.ess.oo ve«or pETl Id 
HissAn* OH as an Nco I/BamH I ftagment aod ligadog i. tax. Nco I/BamH 1 
dtasiedpBTlldiHR. R.coo.bmantplaamidswereidenufiedbydiagoosoc 
reaction digest after isolation via a Qiadp kit, and positive plasmlds transfonned 

tatecompetentBUl [DE3] bacteria for expression. BL21 [DE3] — -» 
Ln.bnLtphagellysogen.DES.v.ti.aphageTTRNApolyn.eraaegeoennderd.e 

ttanscriptionalcontrolof thelac UV5 promos T7 BW-JV 
expression of the recombinant gene subeloned 3' of the pET vectors T7 S n 10 lac 0 
^raSved Defragments encoding W fusions of mature chains 1 and2 
of TRFP subeloned into pSEM (0.S.S.N. 662.276 filed February 28, 1991) were 
IsedandligatedlntopETHd. Thia was achieved byarmcnmgBclIhnketstothe 

LinaertingmeS'NcolB'BclIfi.gmen.in.oS^WBamHI^pETlld. 

Tte recombinant peptide chains 1 and 2 of TRFP as well as the recombitope 
peptidesXYZ,XZY,VZX.ZYX,ZXYandYXZ were expressed in £ coiand 
Lfiedessentiallyas outlined below. BL21 DE3 host bacteria harbormg the 
pETlld expression DNA constructs were freshly streaked onto a BHI agar plate 
(37% wt/vol Difco Brain Heart Infusion; 1.5% wt/voL Difco agar) supplemented 
with 200 pgtalampiciffin and incubated overnight at 370 C . A single colony wa, 

Hear.Inft.sion) and shaken at 200, pmar370C until rarbid but not saturated. The 2 
rfeulture was then added to 100 ml „f 200 Mg/ml amplcillinmHI medta, shaken * 
300 rpm at 37»C until tutbid but no, saturated, at which point me culmre was dmded 
inro 18 X 250 ml (45 titers) of 200 pgtol amplcfllia/BHI media and shaken at 300 
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rpra at 37°C. When the OD595 of the culture reached 1.0, expression of the 
recombinant peptides as (His)6 fusion peptides was induced by the addition of IPTG 
to 400 uM, and allowed to continue for two hours. 

Bacteria were harvested by centrifugation at 10,000 X g for 15 minutes, and 
resuspended in l/50 m volume 6 M guanidine HC1, 100 mM 2-mercaptoethanol, 100 
mM NaP04, 10 mM Tris at pH 8.0. Recombinant chain 1 and chain 2 and 
recombitope peptides (recombinant peptides) were extracted by vigorous shaking of 
the resuspended bacteria for 1 hour at 25°C. This suspension was subjected to 
centrifugation at 15,000 X g, the supernatant removed, adjusted to pH 8.0 with 10 N 
NaOH, and applied to an NTA agarose column that had been equilibrated in 6 M 
guanidine HC1, 100 mM NaPCH, 10 mM Tris at pH 8.0 until the OD28O of the 
effluent reached background. The column buffer was then switched to 8 M urea, 100 
mM NaP04, 10 mM Tris at pH 8.0. After equilibration, a more stringent wash was 
performed in 8 M urea 100 mM NaOAc, 10 mM Tris pH 6.3 until the OD28O of the 
effluent reached background. Each recombinant peptide (as an HiS6 fusion) was then 
eluted in 8M urea 100 mM NaOAc, 10 mM Tris at pH 4.5 and collected in aliquots 
whose OD280 profile was monitored. The peptide peak was dialyzed 3 times into 
500 volumes of PBS (Phosphate Buffered Saline) for analysis. Yield ranged from 2 
to 25 mg of recombinant peptide (Hisg) fusion per liter with purity (as determined by 

densitometric scanning of SDS polyacrylamide gels) generally exceeding 90%. 

The recombinant peptides (TRFP chain 1, TRFP chain 2, XYZ, YZX 
and ZYX) outlined above all possess an N-terminal sequence added as an aid to 
purification and expression (e.g., MGHHHHHHLVPRGS-). This irrelevant N- 
terminal sequence can be removed by proteolytic digestion since the sequence 
contains a thrombin recognition site (LVPRGS) inserted between the polyhistidine 
sequence and the recombitope sequence. (See Fig. 8, the arrow indicates the 
thrombin cleavage site.) Thrombin was used to cleave the irrelevant sequence leaving 
only two extra amino acid residues, GS, on the N-terminus of the TRFP chains 1 and 
2 and the recombitope peptides XYZ, YZX and ZYX (Chang, J.-Y. Eyr, Biochem, 
151:217-224 (1985)). Efficient cleavage of the fusion protein can be achieved by 
using a protein to thrombin ratio of 1000 to 1 for 2 hours at 25"C. The cleavage and 
purification scheme used to construct recombitope peptide YZX is outlined below: 

1) recombitope peptide MGHHHHHHLVPRGS - YZX 

2) Dialyze into PBS, pH 8.0 

3) Thrombin cleavage 



BNSDO;iD:<WO 



9308280A1 I > 



RMQ nana OO 



WO 93/08280 



PCI7US92/08694 

28 



peptide: thrombin = 1000:1 
25°C,2hours 

4) Reduction with lOOmM dithiothreitol 
in 5M guanidine HCL 

37°C, 30 minutes 

5) C4 Reverse phase HPLC, pH 2.0 

6) Lyophilization 

Analytical reverse-phase HPLC was performed on a VYDAC 214 TP54 
column with a42ml bed volume. Thecolumn was loaded with 340 ug of 
.combitopepepddeYZX. S***«^HPIX:w»p^-^^ 
214 TP 1022columnwitha95mlbedvolumeloadedwith90mgofprotem. The 

gr adientstartedwimO%to30%acetonitrnecontainmga 

the first 10 minutes followed by 30% to 43% acetonitrile over 15 nunutes, The 
mo baephasewasthenheldat43%acetonitrileforl0minutes. Thepunfied 

recombftopepeptideY^^ 

were monitored by SDS-PAGE. The identification and purity of the recombitope 
peptide YZX was determined by protein sequence analysis using an Applied 
Biosystem Inc. Protein Sequenator Model 477 A 

3 nirectBindini , fTrr to TPFPPmtHm and Restore 

Western immunoblot analysis of the recombitope peptides produced m 
Example 2 was performed. The concentration of all protein samples (e.g.,TRFP 
recombinant chain 1 of TRFP, recombinant chain 2 of TOFP, recombitope pepnde 
XYZ, recombitope peptide XZY, recombitope peptide YXZ, recombitope pepnde 
YZX, recombitope peptide ZXY and recombitope peptide ZYX) for gel 
el^trophoresis wasdeterminedbytheBCAmethod (Pierce Co.). AUprotein 

separation was carried out on a 15% acrylamide gel, and transfer was performed by 
el^blotttagatLSAmpsfor 1.5 hours onto nitrocellulose paper (Schleicher and 
Srhuell 0 1 microns) in aHoeffer apparatus accordingto the protocol ofTowbin,H., 
T Stachlin, and J. Gordon, ENM76:4350 (1979). Proteins were rinsed inblot 
solution (25 mM Tris-HCl 7.5, 0.17 1 M NaCl and 0.5 ml/liter Tween 20). The blot 
was thenblockedforonehourin blocking solution (1% milk in blot solution)^ 
Plasma from patient #417, used as a primary antibody source, was diluted in blocking 
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solution to 10% and preabsorbed for 1.5 hours with unused nitrocellulose 
(2cmxl5cm). The prepared human plasma was then incubated overnight on an 
orbital shaker with the protein blot section of interest. Following the first antibody 
incubation the blot section was washed three times, each wash involved a fifteen 
minute incubation in blot solution. The second antibody, specific for human IgE 
(biotinylated goat anti-human IgE, KPL Inc.), was diluted 1:2500 in blot solution and 
the incubation proceeded for two hours. Excess second antibody was subsequently 
removed by three 15 minute incubations with blot solution. 125j iodinated 
streptavidin (Amershara) was diluted 1:2500 in blot solution and incubated with blots 
for 1 hour, at 2 ^iCi in a 50 ml incubation volume. Blot sections were then washed 
with blot solution until the detectable radioactivity in the waste solution decreased to 
background levels. The blot section was then wrapped in saran wrap and exposed to 
film overnight with a cronex intensifying screen at -80°C. The IgE binding pattern 
shown in Fig. 13 demonstrates reactivity to affinity purified TRFP (lane 1) chain 1, 6 
KD in molecular weight and chain 2, ;>16 KD. The recombinant chain 1 shows 
strong IgE binding (lane 2) while recombinant chain 2 reactivity is reduced compared 
to chain 1 (lane 3). The recombitope peptides that show IgE binding are recombitope 
peptides XYZ and ZXY (lanes 4 and 8 respectively). All other recombitope peptides 
are negative for IgE binding by this method of analysis. 

Specific binding of IgE to recombitope peptides was also demonstrated in 
ELISA assays. Coming assay plates (#25882-96) were coated with 10 |ig/ml of each 
coating antigen (i.e., TRFP, chain 1 (recombinant chain 1 of TRFP), chain 2 
(recombinant chain 2 of TRFP), recombitope peptide XYZ, recombitope peptide 
XZY, recombitope peptide YXZ, recombitope peptide YZX, recombitope peptide 
ZXY and recombitope peptide ZYX) listed in Fig. 14 at 50 jil/well and incubated 
overnight at 4°C. The coating antigens were removed and the wells were blocked 
with 0.5% gelatin in PBS, 200 pi/well for 2 hours at room temperature. Plasma from 
patient #669 was serially diluted with PBS-Tween 20 (PBS with 0.05% nonionic 
detergent Tween-20 Sigma, St. Louis MO) and 100 ^1/weU was added and incubated 
overnight at 4° C (plasma dilutions are tested in duplicate). The second antibody 
(biotinylated goat anti-Human IgE, 1:1000, Kirkegaard & Perry Laboratories Inc. 
Gaithersburg, MD), was added at 100 ^1/well for one hour at room temperature. 
This solution was removed and streptavidin-HRPO, 1:10,000 (Southern 
Biotechnology Associates, Inc., Birmingham, AL) was then added at 100 ^ll/well for 
one hour at room temperature (all wells were washed three times with PBS-Tween 
between each incubation step). TMB Membrane Peroxidase Substrate system 
(Kirkegaard & Perry Laboratories) was freshly mixed, and added at 100 til/well. The 
color was allowed to develop for 2-5 minutes. The reaction was stopped by the 
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addition of 100 Hi/well of 1M phosphoric acid. Plates were read on a Microplate EL 
3l0Autoreader(Biotekmstrument^^^ 

absorbance levels of duplicate wells were averaged. The graphed results (log of the 
dilution vs absorbance) of the ELISA assays are shown m Fig. 14 

The results of the ELISA shown in Fig. 14 demonstrate a high level of IgE 
binding to TRFP with somewhat lower binding to recombinant TRFP chain 1 
(chainl) and chain 2 (chain 2). The two recombinant chains demonstrate equivalent 
binding with this particular patient's IgE. Only the recombitope peptide ZXY shows 
clearreactivitywithlgE. 

the background level with a slight signal from recombitope peptide XYZ To 
demonstrate that recombitope peptides were present in equal amounts in both the 
ELISA and Western assay, anti-peptide antisera was used as a positive control and it 
gave fairly equivalent signals for all lanes and wells with recombitope peptides. 

T nm]r 1 H m an r r>.n Enitrw F^popy. to R^ombitope Peptides 

The human cat allergic T cell response to recombitope peptides was 
examined. Peripheral blood mononuclear cells (PBMC) were purified by FieoU- 
Hypaque centrifugation of 60 ml of heparinized peripheral blood from cat-allergic 
patients, who exhibited clinical symptoms of cat allergy and who were skin test 
positive with cat extract Ten million PBMC from an individual patient were 
cultured in 10 ml RPMI-1640 containing 5% pooled human AB serum and 
supplemented with glutamine, penicillin, streptomycin and HEPES buffer in the 
presence of 10 ug native affinity-purified TRFP/ml of culture or with 25 ug purified 
uncleaved recombitope peptide YXZttnl of culture or with 25 ug purified cleaved 
recombitope peptide YZX/ml of culture at 37° C for 7 days. Recombitope peptide 
YZX was cleaved with thrombin as described in Example 2. Viable cells were then 
purified by Ficoll-Hypaque centrifugation and cultured for 2 additional weeks in 
RPMI-1640/5% AB serum containing 5 units recombinant human IL-2/ml and 5 units 
recombinanthumanIL-4/ml. The resting T cells were then tested in asecondary 
proliferation assay using a 96 well microtiter plate to assess T cell responses to 
various TRFP proteins or peptides (TRFP antigens). Forassay, 2 X 10* resting T 
cells were cultured for 3 days at 37°C in the presence of 2 X 10* autologous Epstein- 
Barr virus transformed B cells (25,000 Rads) as antigen presenting cells with various 
concentrations of antigen in 200 ul per well. Each well then received 1 uCi tntrated 
thymidine for 16 hours. The counts incorporated were collected onto glass fiber 
filters and processed for liquid scintillation counting. The stimulation indices for 
responses to each antigen were then calculated as the maximum CPM in response to 
antigen divided by the medium control CPM. Astimulation index of 2.5 was 
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considered to be a positive T cell response. A summary of the results of 3 such 
experiments (patients 522, 519, and 386 is shown in Fig. 15a, Fig. 15b and Fig. 15c. 
As compared to the experiments shown in Figs. 15a and 15b, in the experiment 
shown in Fig. 15c, Fel-1.4 (chain 1, amino acid residues 6-17) was substituted for 
Fel-1.2 (chain 1, amino acid residues 1-17) and Fel-33.3 (chain 2, amino acid 
residues 26-40) was substituted for Fel-18 (chain 2, amino acid residues 23-48) in 
order to more closely resemble the constituent amino acids of peptides X and Z. In 
addition, in this experiment one peptide derived from the Y-Z junction of 
recombitope peptide YZX (amino acid residues 50-55 from chain 1 of TRFP and 
amino acid residues 14-19 from chain 2 of TRFP) and one peptide derived from, the 
Z-X junction of recombitope peptide YZX (amino acid residues 34-39 of chain 2 of 
TRFP and amino acid residues 7-12 of chain 1 of TRFP) were synthesized and tested. 
These junction peptides were produced in order to determine whether these areas of 
recombitope peptide YZX produce a non-native epitope when formed in the 
recombitope peptide. 

Jhe results indicate that T cells from patient 522 primed with native TRFP 
positively respond to native TRFP, recombitope peptide YXZ, peptide Y, Fel-14.2 
and Fel-17. In contrast, T cells primed with recombitope YXZ respond less well to 
native TRFP, but respond at a similar level or better to a number of synthetic peptides 
corresponding to portions of the TRFP molecule, including peptide X, peptide Y, 
peptide Z, Fel-4, Fel-3.1, Fel-2, Fel-14.2, Fel-17 and Fel-18. Similar results of an 
experiment with T cells from patient 5 19 are shown in Fig. 15b. Native TRFP- 
primed T cells from this patient respond to native purified TRFP, recombitope 
peptide YXZ and peptide Y. When the same patient's cells were primed with 
recombitope peptide YXZ, positive responses were shown to native TRFP, 
recombitope peptide YXZ, peptide X, peptide Y, peptide Z, Fel-3.1, Fel-4, and Fel- 
17. Fig. 15c shows a similar experiment involving purified cleaved recombitope 
YZX as the priming antigen. The results indicate that T cells from patient 386 
primed with native TRFP positively respond to native TRFP, recombitope peptide 
YZX, peptide X, peptide Y, Fel-3.1, and Fel-14.2. In contrast, T cells primed with 
recombitope YZX respond at a similar level or better to native TRFP* recombitope 
peptide YZX, peptide X, peptide Y, peptide Z, Fel-2, Fel-3.1, Fel-14.2 and Fel-17. 
These data indicate that, at least in these three patients, T cells can efficiently 
recognize TRFP T cell epitopes when presented as a recombitope peptide. No 
epitopes present in the native TRFP molecule examined in these experiments are 
destroyed in the context of the YXL recombitope peptide. The ability of the 
recombitope peptides; YXZ or YZX to present TRFP epitopes in these experiments 
appears to be greater compared with the native molecule. The results from Patient 
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386 demons. . that peptides derived from me junctional «. of the mcombtope 
YZX (YZ junction peptide and ZX junction peptide) Me not recogmzed by T cells 
when presented in a recombitope peptide; therefore, no non-native eprtopes are 
created in the junctional areas. 



^ wemunmunized — — Whe *"J 

ceU epitopes conned in the mcombitope peptide derived from TRFP are capable of 
"gaTceBreaponse. The aaaavderennmedmeabmtyoflymph node ce^ 

r«ld » the individual recombitope peptides as well as me immunurng anu e„. 

"o B6CBAF1 mice were inrmuniard subcuraneously at the base of me tarl and 
in me thigh region with 100 pg of recombitope peptide YZX in complete M s 
adjuvarU. After 10 days, tire ingninal, paraaortic, and popliteal 
hLta* mice were removed and pooled. Tte lymph node cells were su^ded rn 
cold RPMI 1640 »irh 1% feral bovine senrm (FBS) by passage duough smnrtess 
s ^lmesh.mcell S v rerc waahe42 0 me S wimco.dRPMI.I640c 0 nmnungl%FBS 

FBS 250 ug/ml penicillin G, 100 ug/ml streptomycin, and 5 x 10 M 2- 
m ercaptoethanoL The cells were cultured with antigen (i.e., recombitope pepude^ 
• YZX, recombitope peptide ZYX, recombitope peptide XZY, peptide XW*>*. 

50ul ofsupemamtwasremovedfiromeachcultureandfrozenovermghtto 
eltoateHvecellca^ 

washed c^Wfc^c^C^fTO^—^P^^t^ 
ThismdicatorceUlmerequiresIL^forcontiau^ ^^H? " 

thymidine (luCi/well) was added and the cells were further incubated for 4 hours. 
The plates were frozen and thawed, harvested on aTomtec 96 well harvester 
CTomte*. Orange,^ 

The pooled lymph node cells respond well in vitro in response to culture with 
recombitope peptide YZX, as measured by IL-2 production (Fig. 16). The media 
only background averaged 1500 cpm. The T cell response to recombrtope peptide 
YZXmayresultfromoneoracomb^ 

containing epitopes used to constructive recombitope peptide (i.e., peptides X, Y and 
Z) Other recombitope peptides as well as the individual peptides X, Y and Z were 
cuitured with lymph node cells and the response of T cells was determined. There 
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was significant response to each of the peptides X, Y and Z, the constituent peptides. 
There were strong T cell responses to several other recombitope peptides ZYX and 
XZY. There was a small, but significant, T cell response to a recombinant AmiL2 I 
preparation which has the same amino-terrainal leader sequences as the recombitope 
peptides. 

Example 6 Application of R pcombitopes to Allergic Disea.se Diagnosis 

The recombitope peptides can be useful as a new form of diagnosis of 
sensitivity to a protein allergen or a protein antigen. For example, although 
preferred recombitope peptides of the invention do not bind IgE, certain recombitope 
peptides derived from protein allergens may be capable of binding allergic patient 
IgE. These recombitope peptides could be used in skin testing as an accurate assay 
for specific Immediate Type Hypersensitivity (TTH) in an individual to the protein 
allergen from which the recombitope peptide is derived. The allergens for eliciting 
the TTH response could also be recombinant produced allergens, biochemically 
purified allergens from natural sources in addition to recombitope peptides with the 
only requirement being a high degree of specific IgE reactivity. Recombitope 
peptides which show no, or very low, reactivity with human IgE but comprise T cell 
epitopes reactive with a protein allergen can be used to elicit a Delayed Type 
Hypersensitivity (DTH) reaction in an individual sensitive to the allergen from which 
the epitopes are derived. The allergen forms for generating the. DTH response can be 
isolated recombitope peptides, recombinant allergens or chemically modified natural 
or recombinant allergens (e.g., KOH treated TRFP). Again, a major requirement of 
the DTH provoking allergen/antigen is lack of IgE binding reactivity, or if such 
binding occurs, lack of mediator release from mast cells or basophils and the ability 
to stimulate T cells in an individual upon administration. A positive DTH is 
indicative of T cells of the individual specific for the epitopes within the recombitope 
peptide. In general, recombitope peptides are larger molecules than peptides which 
comprise an individual T cell epitope and are thus advantageous for DTH testing. 
Since the recombitope peptides are larger molecules, it is believed that they should 
reside in the skin (site of injection) allowing for the influx of T lymphocytes and 
other cells that contribute to the DTH skin response. 

The ITH reaction, which occurs within 15 to 30 minutes of skin testing, can 
be used in combination with a DTH reaction, with the DTH reaction appearing 48-72 
hours later. It is the combination of these assays, for two different types of allergic 
disease related reactivities, that represents a novel diagnostic formulation. The 
application to the skin during skin testing with a recombitope peptide may require a 
different format for eliciting one response versus another (TTH vs DTH). For 
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a^bi^pepdde 

rdTl^^^ve^b^pe^andaph^^y 
Leptable carrier or ditaent To eHci, a DTK reacnon, a targe amount of a 

™ it r„ finwer Medical Publishing, London, NY, pp. 19.2-19.18, pp.z/-i 
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setod for specific desensitauon therapy by defining. . on. test seUgE reactmty 
and T epitope reactivity. 
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1. An isolated recombitope peptide comprising at least two regions each having 
human T cell stimulating activity, said regions each comprising at least one T 
cell epitope of a protein allergen, said regions derived from the same or from 
different protein allergens. 

2. An isolated recombitope peptide of claim 1 comprising at least three regions 
each having human T cell stimulating activity. 

3. An isolated recombitope peptide of claim 1 wherein the regions are arranged 
in a configuration different from a naturally-occurring configuration of the 
regions in a protein allergen. 

4. An isolated recombitope peptide of claim 3 wherein the regions are derived 
from the same protein allergen. 

5. An isolated recombitope peptide of claim 1 wherein the regions are derived 
from the same protein allergen and wherein the regions are arranged in a 
noncontiguous configuration. 

6. An isolated recombitope peptide of claim 5 wherein the noncontiguous 
regions are defined by amino acids and wherein the protein allergen from 
which the regions are derived comprises amino acids arranged in a sequential 
order from an amino terminus to a carboxy terminus and wherein said 
noncontiguous regions of the recombitope are arranged in a nonsequential 
order. 

7. An isolated recombitope peptide of claim 1 wherein at least two of the regions 
are derived from different protein allergens from the same genus. 

8. An isolated recombitope peptide of claim 7, wherein the genus is selected 
from the group consisting of: the genus Permatophagoides: the genus IMs; 
the genus Ambrosia : the genus Lolium : the genus Cryptpmerfc; the genus 
Alternaria : {he genus Alder : the genus Betula : the genus Quergus; the genus 
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Oje* the genus A»: the genus aw *e genus Ertsufc the genus 
QntaB the genus fibttUff *e genus Apis; and the genus Bennl^. 

An isolated recombitope peptide of claim 7 wherein the at least two regions 
are derived from cross-reactive species. 

An isolated recombitope peptide of claim 9 wherein the recombitope peptide 
cTmprises at least one region derived from P— n 
and at least one region derived from Pr rm a tophagoide &f^ 

An isolated recombitope peptide of claim 1 wherein at least two of the regions 
are derived from different protein allergens of the same species. 

An isolated recombitope peptide of claim II wherein the recombitope peptide 
is selected from the group consisting of a recombitope peptide compnsing: 

a) one region derived from to I and one region derived from to * 

b) one region derived from Deiil and one region derived from ton; 

c) one region derived from AmLa I and one region derived from AjnLa H, 

d) one region derived fromtoland one region derived froml^K; and 

e) one region derived from £ryj I and one region derived from £qu n. 

13 An isolatedrecombitope peptide of claim 1 wherein at leasttwo of the regions 
are derived from different protein allergens of the same group. 

U Anisolatedtecon*!^^ 
' comprises at least one region derived from to I ■* one region denved 

from Perfl. 

15 Misolatedrecombitopepeptideofclaimlwherematleasttwooftheregions 
are derived from different protein allergens of the same fcnuly. 

An isolated recombitope peptide of claim 15 wherein at least two of the 
regions are each derived from the group consisting of Ajribji LI, AmLa L2, 
Amb_a L3, and Ajnb_fi 1.4. 

An isolated recombitope peptide of claim 1 which has minimal 
immunoglobulin E stimulating activity. 
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18. An isolated recombitope peptide of claim 5 which has minimal 
immunoglobulin E stimulating activity. 

19. An isolated recombitope peptide of claim 1 which binds immunoglobulin E to 
a substantially lesser extent than protein allergens from which the regions are 
derived binds said immunoglobulin E. 

20. An isolated recombitope peptide of claim 5 which binds immunoglobulin E to 
a substantially lesser extent than the protein allergen from which the regions 
are derived binds said immunoglobulin E. 

21. An isolated recombitope peptide of claim 1 which does not bind 
immunoglobulin E specific for a protein allergen, or if binding of the 
recombitope peptide to said immunoglobulin E occurs, such binding does not 
result in release of mediators from mast cells or basophils in a substantial 
percentage of individuals sensitive to said protein allergen. 

22. An isolated recombitope peptide of claim 5 which does not bind 
immunoglobulin E specific for a protein allergen, or if binding of the 
recombitope peptide to said immunoglobulin E occurs, such binding does not 
result in release of mediators from mast cells or basophils in a substantial 
percentage of individuals sensitive to said protein allergen, 

23. An isolated recombitope peptide of claim 1 which, upon administration to an 
individual allergic to said protein allergen or allergens from which the 
recombitope peptide is derived, modifies the allergic response of the 
individual to said protein allergen or allergens. 

24. An isolated recombitope peptide of claim 5 which, upon administration to an 
individual allergic to said protein allergen or allergens from which the 
recombitope peptide is derived, modifies the allergic response of the 
individual to said protein allergen or allergens. 

25. An isolated recombitope peptide of claim 1 wherein the regions; are selected 
from the group consisting of peptide X, peptide Y, peptide Z, peptide A, 
peptide B, and peptide C, each as shown in Fig. 4. 
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26 An isolated recombitope peptide of cl*m 25 wherein the regions comprise 
peptide X, peptide Y, and peptide Z each as shown » Fxg. 4. 

^ ^ted — peptide of ciain .» — 
peptide X, peptide Y, peptide Z, pepude A, and peptide B. 

Fig. 4. 

An iadated tecombitope pep* YZX comprising peptide Y peptide Z and 
peptide X. to setprcntial order, each pepude as shown m Ftg. 4. 

pepude Z, peptide Y and peptide B to sequenua! order, each pepude as shown 
in Fig. 4. 

An isolared reeombitope peptide of claim I including a proteolytic site 
inserted between at least two of said regions. 

An isolated tecombitope peptide of cWm 1 wherein the regions each 
comprise at least two T cell epitopes of a protein allergen. 

32 An isolamd peptide of a protein allergen of me -genus Ms, said peptide 
at leas, one T ceU ephope of said protein allergen, sad pepude 
an amino acid seance seleemd from dte gnmp con^ng o, me 
.ntino acid sequence as shown inHg. 4 of peptide A and pepndeB. 

A nueleiu acid sequence coding for a tecombitope peptide of claim 1 or rhe 
tactions equivalent of said nucleic acid sequence. 

34. A nnoleic acid sequence codhtg for a reeombitope peptide of claim 5 or the 
functional equivalent of said nucleic acid sequence. 

35 Aniso^^W^peptidecompd^atle^twomgions^^ 
fce same or from different protein antigens, said tecombttope pepnde havmg 
human T ceU stimulating activity. 

36. An isolamd tecombitope peptide of claim 35 wherein me protein antigens 
comprise protein allergens. 
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37. An isolated recombitope peptide of claim 35 comprising at least three regions. 

38. An isolated recombitope peptide of claim 35 wherein the regions are arranged 
in a configuration different from a naturally-occurring configuration of the 
regions in a protein antigen. 

39. An isolated recombitope peptide of claim 38 wherein the regions are derived 
from the same protein antigen. 

40. An isolated recombitope peptide of claim 35 wherein the regions are derived 
from the same protein antigen and wherein the regions are arranged in a 
noncontiguous configuration. 

41. An isolated recombitope peptide of claim 40 wherein the noncontiguous 
regions are defined by amino acids and wherein the protein antigen from 
which the regions are derived comprises amino acids arranged in a sequential 
order from an amino terminus to a carboxy terminus and wherein said 
noncontiguous regions of the recombitope peptide are arranged in a 
nonsequential order. 

42. A therapeutic composition comprising a recombitope peptide of claim 1 and a 
pharmaceutically acceptable carrier or diluent. 

43. A therapeutic composition comprising a recombitope peptide of claim 5 and a 
pharmaceutically acceptable carrier or diluent 

44. A therapeutic composition comprising a recombitope peptide of claim 7 and a 
pharmaceutically acceptable carrier or diluent 

45. A method of treating sensitivity to a protein allergen in an individual, 
comprising administering to the individual a therapeutically effective amount 
of the composition of claim 42. 

46. A method, of treating sensitivity to a protein allergen in an individual, 
comprising administering sequentially to the individual two different 
compositions of claim 42 in a therapeutically effective amount 
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of the composition of claim 43 . 

„ a metric common comprising a mcombitop. P** - — 35 ^ 
a phatmacendcally acceptable carrier or dilnent 

49 Atberapeodccomposidon uprising a mcombitope 36 ^ 

apharmaceeticallyaccepraWecarrierordUuent 

A ^apearic common comprising a recoarbirope pep* of claim 40 and 
a pharmaceutical* acceprable carrier or duuent. 

a *ni o£ Bearing sensitivity to a protein allergen in an MM, 
1"^ » dm indivldoaf a tberapeuncaily effccrive amount 

of the composition of claim 48. 
of the composition of claim 49. 

^ ^atCtlregionaderivedfromsaidat^onepro^aBergen, 
"I - T ce B — activity and encb of wbich dn« 

lot immunoglobulin E specific for said at >eas. one protern 
7, „f *e tecombitope id said immunoglobulin E occurs, sach bmdmg 
ZZfZZH of medians from mast cans or basophus in a 
T Ttcnmae of individuals sensitive to said at least one protein 

Hypersensitivity reaction occurs in Ike individual. 

A merbod of claim 53, whemin me regions eacb comprise at tat one X cell 
epitope of said at least one protein allergen. 
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55. A method for determining in individuals the presence of immunoglobulin E 
specific for at least one protein allergen and the ability of T cells of the 
individuals to respond to T cell epitope(s) of said at least one protein allergen, 
comprising the steps of: 

a) administering to the individuals an Immediate Type 
Hypersensitivity test utilizing said at least one protein allergen or a portion 
thereof, or a modified form of said at least one protein allergen or a portion 
thereof, each of which binds immunoglobulin E specific for said at least one 
protein allergen; 

b) determining whether a specific Immediate Type Hypersensitivity 
reaction occurs; 

c) administering to an individual prior to, simultaneously with, or 
subsequent to administration of the Immediate Type Hypersensitivity test in 
step (a), a Delayed Type Hypersensitivity test utilizing a modified form of 
said at least one protein allergen or a portion thereof, or said at least one 
protein allergen produced recombinandy, or a recombitope peptide 
comprising at least two regions derived from said at least one protein allergen, 
each of which has human T cell stimulating activity and each of which does 
not bind immunoglobulin E specific for said at least one protein allergen, or if 
binding to said immunoglobulin E occurs, such binding does not result in 
release of mediators from mast cells or basophils in a substantial percentage 
of a population of individuals sensitive to said at least one protein allergen; 
and 

d) determining whether a specific Delayed Type Hypersensitivity 
reaction occurs. 

56. A method of claim 55 wherein the regions of the recombitope peptide each 
comprise at least one T cell epitope of said at least one protein allergen. 

57. A method of detecting and treating sensitivity in an individual to at least one 
protein allergen, comprising the steps of : 

a) administering to the individuals an Immediate Type 
hypersensitivity test utilizing said at least one protein allergen or a portion 
thereof, or a modified form of said at least one protein allergen or a portion 
thereof, each of which binds immunoglobulin E specific for said at least one 
protein allergen; 

b) determining whether a specific Immediate Type Hypersensitivity 
reaction occurs; 
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c) administering ,o an individual having a specific Immediate Type 
Hvpeesensiri^reaedonaDeiayedTypeHvperaensirivi.y^n.nu.ng 

aHodifiedfOHnofsaJdatleastonep^inaBergenorapemon 

Lomm.opepepridecompmmgatieastnvomgionsdenv^m 
saida.leas.c.pro.einaliergen.eachefwhieh aahnmanT^l 
stimulating activiry ro said at leas, one pterin allergen and each of 
^ch does not hind immnnoglohnlte E specific for sard ar leas, on 

Lrgen, or if binding to said immunoglobuun E occurs, snch 
hnlgdoesnotrcaoltinreieaseofmediatorafrommastce.isor 

" defining whether a specific Detayed Type Hypersensitiviry 

Hyporaensirivityreactionandasteci&DeUyedTypeHypersensmvrty 
reaction a therapeutically effective amount of atherapentro 

allergen or sard portion .hereof of step (0. or sard recombmanuy 
^protein anergenofs.pCc), or saidrecomhimpepepudeo, 

step (c) and a pharmaceuricaUy acceptable carrier or diluent 

A mem „d of claim 57 wherein ft. regions of me "* 
LpriseatleastoneTceUepinopeofsaidatleasroneprotem allergen. 

A method for designing me recombirope peptide of claim 35, comprising .he 

steps of: r 

a) reviewing the known protein structure of an anngen, 

b, rheoreticany dividing me antigen Wo at leas, two pepude regtons 

of desired lengths; ~ 

c) theoretically ananging said atleas. two pepttde repons to form 
atteastone recombitope peptide in which Ae peptide regions are 
rparraneed in a noncontiguous order; 

pacing at least one recombitope peptide havmg the 

corfgurationoftheatleast^^ ^ 
e) determining whether the at least one recombitope pep*de of step 

(d) has human T cell stimulating activity. 
) A method of claim 59 former comprising the step of: 
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f) determining whether the recombitope peptide found to have human 
T cell stimulating activity in step (e) binds immunoglobulin E specific 
for the antigen of step (a). 

61. A method of claim 59 wherein in step (b) the antigen is divided into 
overlapping regions of desired lengths. 

62. The method of claim 59 wherein there is known at least one T cell epitope of 
the antigen or at least one region of the antigen having human T cell 
stimulating activity and wherein in step (b), said region having human T cell 
stimulating activity or said T cell epitope is utilized as at least one of said 
peptide regions. 

63. A method of claim 59 wherein in step (b) the antigen is divided into regions 
according to an algorithm. 

64. A method of claim 59 wherein the protein antigen comprises a protein 
allergen and wherein step (b) further comprises producing said peptide 
regions and determining whether said peptide regions bind immunoglobulin E 
specific for the allergen of step (a), and if such peptide regions bind IgE, 
whether such binding causes the release of mediators from mast cells or 
basophils, and wherein in step (c) the peptide regions that bind 
immunoglobulin E specific for the allergen of step (a) and cause the release of 
mediators from mast cells or basophils are not included in the peptide regions 
arranged to form the at least one recombitope peptide. 

65. An isolated recombitope peptide comprising at least two T cell epitopes 
derived from the same or from different protein antigens. 

66. An isolated recombitope peptide of claim 65 comprising at least three T cell 
epitopes. 

67. A method of treating sensitivity to a protein antigen in an individual 
comprising administering sequentially to the individual at least two different 
isolated recombitope peptides, each recombitope peptide comprising at least 
two human T cell epitopes derived from the same or from different protein 
antigens, in a therapeutically effective amount. 
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u a of marine sensitivity to Ms in an individual 

68 . A method - the individual at least two different 
comprising administering sequenu y 

peptides selected from the group conststmg of. peptide * , pep* , P P 
Z; peptide A; peptide * and peptide C. each as shown » Ftg. 4, 
therapeutically effective amount. 

• lea<;t two isolated recombitope peptides, said 

69 . A composition compnsmg at least two so 

recombitope peptides each compnsmg at least two T ep P 
from the same or from different protein antigens. 

•c;n* at least two isolated recombitope. peptides, said 

X of a proL .nogen. said regions derived from the Sanre or from 
different protein antigens. 

71 A composirion comprising at fett two isola*d recombitope M«» <£ 
Lmbitope pep**s each comprising « leas, «. regtons derrved from *e 
rr OT Im different prorein anugens, said recombitope pepndes each 
having human T cell stimulating activity. 

£L T ceU sumulaung activity, said regions each compnamg « leas, one T 
cell epitope of a protein antigen. 

An wri recombitope peptide of claim 72 whetein the pntrein antigen U an 
autoantigen. 

An iateed recombitope pepude of claim 73 M - T^Tl 
sLre4 from the group consisting of: insulin; myelin baste proretn; rh fecmr, 
^oUne receptors; thyroid ceU receptors: basement — 
djoid proteins-, PM-1; gluranric acid decarboxylase (64K), and 
carboxypeptidase H. 

An isolated recombitope peptide of claim 72 wherein-he regions ^arranged 
in a configurate, different torn a naturally-nccumng configuranon of one 
regions in a protein antigen. 
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76. An isolated recombitope peptide of claim 72 wherein the regions are arranged 
in a noncontiguous configuration. 

77. An isolated recombitope peptide of claim 76 wherein the noncontiguous 
regions are defined by amino acids and wherein the protein antigen from 
which the regions are derived comprises amino acids arranged in a sequential 
order from an amino terminus to a carboxy terminus and wherein said 
noncontiguous regions of the recombitope peptide are arranged in a 
nonsequential order. 

78. An isolated recombitope peptide of claim 72 which does not bind 
immunoglobulin specific for said protein antigen in a substantial percentage 
of individuals sensitive to said protein antigen. 

79. An isolated recombitope peptide of claim 73 wherein the regions are arranged 
in a configuration different from a naturally-occurring configuration of the 
regions in a protein antigen. 

80. An isolated recombitope peptide of claim 73 wherein the regions are arranged 
in a noncontiguous configuration. 

81. - An isolated recombitope peptide of claim 80 wherein the noncontiguous 

regions are defined by amino acids and wherein the protein antigen from 
which the regions are derived comprises amino acids arranged in a sequential 
order from an amino terminus to a carboxy terminus and wherein said 
noncontiguous regions of the recombitope peptide are arranged in a 
nonsequential order. 

82. An isolated recombitope peptide of claim 73 which does not bind 
immunoglobulin specific for said autoantigen in a substantial percentage of 
individuals sensitive to said protein antigen. 

83. A nucleic acid sequence coding for a recombitope peptide of claim 72 or the 
functional equivalent of said nucleic acid sequence. 

84. A therapeutic composition comprising a recombitope peptide of claim 78 and 
a pharmaceutical^ acceptable carrier or diluent 
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A therapet.de compos conrprisin, - °' 76 - 

a pharmacenucally acceptable earner or diluent 

A .herapeuuc coupon coding a recombirope peptide of data 80 and 
apharmaceutically acceptable carrier or diluent 

A drerapeudc conrposidon » — »** ° f ** " "* 

a phannaceudcally accepable carrier or ditoent 

conrposidonsofclataST in a rherapeuricaUy effect amount 

•™. » Vast two isolated recombirope pepddes, said 

epitope of a protein antigen. 

. M - determin ing in individuals the presence of immunoglobulin 
9L t£L a ptHSen and the ability of T cells of the individuals to 

a) combining a firstblood sample or at least one pomon of a first 
blood sample obtained from an individual wUhsaid 
protein antigen or a portion thereof, or a modified form of «d 

Pr0tei11 antigenorapordonmereofeachofwhichbmdsimmuno^ 

specificforsaidprotein antigen, under conditions appropnatefor 
binding of blood components with said protein antigen, modified 
protein antigen or a portion of either of said antigens; 

b) determining whether binding occurs; 

c) combining a second blood sample or a second poruon of sard first 
blood sample obtained from an individual found 

to have binding of blood components in step (b), with a recombxtope pepnde 
at least two regions derived from said protein anugen, saxd 
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recombitope peptide having human T cell stiraulatingactivity to said protein 
antigen and which does not bind immunoglobulin specific for said protein 
antigen in a substantial percentage of a population of individuals sensitive to 
the antigen; and 

d) determining whether T cell stimulation occurs. 

92. A method of detecting and treating sensitivity in aii individual to a protein 
antigen, comprising the steps of : 

a) combining a first blood sample or at least one portion of a First 
blood sample obtained from the individual with said protein antigen or a 
portion thereof, or a modified form of said protein antigen or a portion 
thereof, each of which binds immunoglobulin specific for said protein 
antigen, under conditions appropriate for binding of blood components with 
said protein antigen, modified protein antigen or a portion of either of said 
antigens; 

b) determining whether binding occurs; 

c) combining a second blood sample or a second portion of said first 
blood sample obtained from the individual found to have binding of blood 
components in step (b), with a modified form of said protein antigen or a 
portion thereof, or said protein antigen produced recombinantly, or a 
recombitope peptide comprising at least two regions derived from said protein 
antigen, each of which has human T cell stimulating activity to said protein 
antigen and each of which does not bind immunoglobulin specific for said 
protein antigen in a substantial percentage of a population of individuals 
sensitive to the protein antigen; 

d) determining whether T cell stimulation occurs; and 

e) administering to the individual found to have binding in step (b) 
and T cell stimulation in step (d) a therapeutically effective amount of a 
therapeutic composition comprising the modified form of said protein 
antigen or said portion thereof of step (c), or said recombinantly produced 
protein antigen of step (c), or said recombitope peptide of step (c) and a 
pharmaceutical^ acceptable carrier or diluent 

93. A method for detecting specific Delayed Type Hypersensitivity in an 
individual to at least one protein antigen, compising administering to the 
individual a Delayed Type Hypersensitivity test utilizing a modified form of 
said at least one protein antigen or a portion thereof, or said at least one 
protein antigen produced recombinantly, or a recombitope peptide comprising 



BNSDOCID: <WO 9308280A1 I > 



RMR nano /to 



PCT/US92/08694 

WO 93/08280 4g 

at least two regions derived from said at least one protein antigen, each of 

antigen, and determining the extent to wntcn p 
Hypersensitivity reaction occurs in the individual. 

9i A method of treating seusMvit, » Bft » « 

comprising adnthtisrering simultaneously <o the « ™ 

different peptides seiecred from the group constsnng eft peptrde X pepude 
" Z; pepude At pepdde B and peptide C each as shown tn F.g. 4, tn 
a therapeutically effective amount. 

• -™ a t least two isolated peptides, said peptides 
" ^iZr^P^Xtp.dde^eZtp^e 

A; peptide B; and peptide C, each as shown in Fig. 4. 

* A compoaiuon of claim 9 wherein said two isoiamd peptides comprise pepude 
X and peptide Y. 



97. 



98. 



99. 



An isolated recomhitope pepude of c!aim 1, wherein the regret* are seared 
Tree gmup constsung of a pepdde comprising aU or a poruon ammo 
°i residL 84-106 of human MBP; a.pepride compnstng aU or a poruon o 
iLHctd residues 84-102 of human MBP; a pepude compnstng all o, a 
IX acid residues 8M01 of human MBP; a pepdde compnsmg 
S^J— of amino aridrerid.es ,40-172 of human MBP; and apepude 
comprisfog all or a portion of amino acw residues 143-168 of human MBP. 

Ac.mposWonc.mprismgatleaartwoisolated pepdde. said pepddearele^ 
tl I group consisting of a pepdde comprising ail or a porrton of auuno 
84-106 of human MBP; a peptide comprising an or aporno no 
S» acid residues 84-102 of human MBP; a pept.de compnsmg all or a 
Zon of amino acid residues 89-101 of human MBP; a pepude compnsmg 
Pardon of amino acid residua .40-172 of human MBP; and a^pude 
^mpriigaUorapotdonofaminoacidresiduesW-lSgofhumanMBP. 

A memod of Bearing muldple sderosia in an individual comprising 
leering to the individual at leas, rwo different peptides se,e«eo from 
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the group consisting of a peptide comprising all or a portion of amino acid 
residues 84-102 of human MBP; a peptide comprising all or a portion of 
amino acid residues 89-101 of human MBP; a peptide comprising all or a 
portion of amino acid residues 140-170 of human MBP; a peptide comprising 
all or a portion of amino acid residues 143-168 of human MBP; and a peptide 
comprising all or a portion of amino acid residues 145-163. 



BNSOOCID: -:WO 9308280A1 I > 



RNS njarto £1 



THIS PAGE BLANKS 



WO 93/08280 



PCI7US92/08694 



1/19 



in 
i 



o 

I 



— < 



if) 
rH 
I 



— > 



O 

eg 
i 



3 



— o 



PS 

w 

Q 
< 
H 



pa 
p 
< 



o— 4 



a 



in — > 

03 



o — w 



P4 



in- 



o— > 

H 



i 

a 

o 

CD 

o 

I 
I 

EH 

0 

I 

U 
U 
U 

u 

o cd 
CD 

CD 

u 
u 
tH 

J 

-8 

Eh 
Eh 
CD 

CD 
CD 
£ CD 

s 



in- 



H— W 



o 



in 
in 



o 
in 



— Eh 



in 



o 



in 



a 

Eh 

u 

CO CD 

u 

U 

-8 

CD 

I 

CD 

i 

s 

1 



Q 

— > 



< 

S3 
W 



CJ 
CD 

1 

Eh 
&h 
CD 
U 
CD 
Eh 

1 

CD 

3 
H 

Eh 



Eh 

a 

a 

u 

i 

EH 

a 

u 
u 

1 

u 
u 
a 

CD 

a 

CD 
Eh 
U 
< 

a 

< 

u 
u 
c 

CD 



o 



in ' 



i 

a 

s 

a 
a 

Eh 

i 

o 

s 
s 

u 
a 

s 

I 

u 

CD 
Eh 
U 
U 

3 

8 



BNSDOCID: <WO 



9308280A1 I > 



SUBSTITUTE SHEET 



RN5? nano 



WIS PAGE BUMC (usprot 



WO 93/08280 



PCT/US92/08694 



2/19 



oo 
in 



u 

0 

: 

u 
u 

r 

Eh ^ 

U 

CD 

E* P 

1- 

CD 

K 

Eh 

£h ^ 

U 

CD 

E< >J 

3- 

CD 

cd 

o cd 
S 
eg 



s 

I 

1 



in 

i 



— in 



i 



00 






CO 










ro 










cnj 










Eh 






Eh — 


O 


fS 


Q 


< 




CO 


cd 




O 






cd 




Eh 






Eh 




u 






Eh 




a 






U 




u 


CO 




& 


> 


Eh 






CD 




CD 






cd 




Eh 






<2 




Eh 






<: 




y 






u 






Q 




a 


CO 


















% 




Eh 


hI — 


in 




H 


EH 






0 




o 










Eh 


►3 




EH 










U 




3 






< 




Eh 








CD 


Eh 






S 










u 






W 








Eh 






I 






2 









§ 

o 

o 1 

cd 

s 

o 

V 

o 
EH 

Eh 
Eh 
Eh 
Eh 
E< 
U 

3 
I 

Eh 
Eh 
Eh 
Eh 

8 

u 
u 



CD — o 



— in 



o 



cd 
a 

CD 

s 

u 

6 



a — m 



s 



I 

Eh 

I 

U 
CD 
Eh 

3 
§ 



O 
WD 



in 
in 



o 
m 



h — 



m 



o 



CM 



£h — 



in 

ro 



oo 

CM 
ro 

CD 
Eh 
Eh 

I 

Eh 

I 

U 
Eh 
U 
Eh 

% 



A — 



W 



H 



O 
0\ 



i 
% 

I 

8 



CD 



8 



in 
oo 



Eh 
E< 
U 

s 
8 

u 

I 



CM 

eh 



E-i 

I 

M 
U 
CD 

I 
I 

Si 

a 

Eh 

o 



8NSDOCID: <WO 9308280A1 I > 



SUBSTITUTE SHEET 



DMC ry->rm CO 



THIS PAGE BLANK (usptoi 



WO 93/08280 



PCT/US92/08694 



3/19 




FEL 29(74-92) 
FEL 24(72-80) 
FEL 28-1 (60-82) 
FEL 28 (60-82) 
FEL 25 (49-68) 
FEL 20-1 (34-59) 
FEL 18 (23-48) 
FEL 17 (12-33) 
FEL 16 (1-22) 

FEL 21 (56-70J70R 
FEL 23 (51-66) 
FEL 15 (44-60) 
FEL 4 (37-55) 
FEL 14-2 (29-42) 
FEL 3-1 (18-32) 
FEL 2 (9-25) 
FEL 1-2 (1-17) 



EPITOPE RANKING OF TOP 5 



BNSDOCID: <W0 9308280A1 I > 



SUBSTITUTE SHEET 



THIS PAOE BLAiVlSC turn- 



WO 93/08280 PCT/US92/08694 

4/19 



U 

W 
D 

a 

TO 



W 
Q 
H 

B H 
ft S 
H g 



> 


w 










ft 


K 


ft 










p 


w 










w 


ft 










w 


ft 




















a 


s 


< 












55 








> 




> 




ft 




a 


Q 


ft 


ft 


O 






> 


E* 


CQ 


P 




> 


O 


P 


Eh 




ft 




2 


CQ 


Jh 


53 


CQ 


w 


K 




H 


P 




Q 




Q 


ft 


ft 


H 


ft 


H 




Q 


i-3 


ft 


£* 


ft 






P 


p 


O 


< 






ft 


p 


^ 




W 


CQ 


> 


p 

CQ 


P 


ft 


55 




E-" 


P 


fa 


P 


0 




55 


*} 




> 






a 




Q 


> 




n 


> 


ft 


> 


ft 


> 


ft 


«< 


ft 
P 


O 


P 


4 


Q 


n 


ft 


PS 


«* 


ft 




o 


w 


« 


* 


ft 


to- 


s 


e* 








rt; 


m 


CJ 



BNSDOClD: <WO 9308280A1 \ > 



SUBSTITUTE SHEET 



WO 93/08280 



PCI7US92/08694 



5/19 



H 



Fig. 5 < 



H 



E 

PCR#1 



H6TH 



y 



PCR#2 



DOUBLE STRANDED DNA 



I I 



DENATURE 



PCR#3 



y 

Z 



BNSDOCID:<WO 'J308280A1 t > 



SUBSTITUTE SHEET 



BNS oaae 56 



\ 



I 




\ 



WO 93/08280 



PCT/US92/08694 



6/19 



5 " H 



YZX 



M 



o\ 3 . 



5' 



H 



YZX 



YZX 



M 



o\ 3 . 



PCR#1 



PCR#2 



DENATURE 



PCR#3 



A 


Y 


Z 


X 


B 



Fig. 6 



BNSDOCID: <WO 93O8280A1 J > 



SUBSTITUTE SHEET 



BNS oanfl S7 



IMS PAGE BLANK (uspto> 



WO 93/08280 



PCI7US92/08694 



S 



u 



in 



7/19 



O 
t< 
U 
U 

CP 

u 
u 

CD 
CJ 



u 



s 

u 

Eh 

U 

6 

C) 



CJ 

u 

o 
o 

a 



in 



CO 



in 



in 



BNSDOClD: <WO 



9308280A1 I > 



SUBSTITUTE SHEET 



RMS n»no c;r 



1« PAGE BLANK (USPTO) 



WO 93/08280 



PCT/US92/08694 



8/19 



ro 

a 

U H 
U 

in o o 

h a 

* Eh W 

En W d 

u a H 

u - cd 

m 3S 
2> K> 

u u y 

y 8 s 

CD Eh 



5 



in CD Eh 

O CD 

CD H < a Eh 525 CD I 

CD « <n CD |h Eh y*[ 

CD O < U Eh O 

CD U CD CD < Eh 0 CD 

^WEhhJUCDU f^s. 

Eh U E* << Eh 1 ^ 

UHCD fc< tf 2J > CD CD 

U h Eh ^ O CD m r-js 

<! H U U i< CD wl 

CD 25 U CQ CD O U CD IJ — 

UHEh O H U CDO 

Eh B CD CD * Eh W y E< CD U 

Eh e^CD U «< «<W 

U U < < O < 

Eh H Eh CD CO U CD < 53 £h H 

KD O < < O < Eh. 

UWO O U O OEh 

< P4 V <S Eh CO 
CD < 5 Eh Eh U CD Ph 
Eh H 2 CD 3 k < U 

Eh « 3 W < O < m CD 

rtj X CD CD O CD Eh 

3 < rtjHUCU^HJi< Eh 

<i<«Eh CD U *5 * £ 

U i< O U < y 
Eh U t*K<*<QU^< 

< < P Eh CD CD S$ ° t? 
U l O CD < CD Eh 

Eh i* EhQCD4!3wS,CJ« 

id! 2 U U U CD < W < 

O Eh Eh CD E* 

#<h3 Eh« E* > < U 

O Eh CD 

U CD U 

< Eh Jm y 
CD rtj 

< u u 

CD CO Eh O 

< CD 



< > 






o 


a 


W 


a 








a 




CD 


u 


H 






w 




i 




s 




a 


o < 


§ 




o 


CD 





1 

cd a u 



U CD 

< h) cd < *c a 



<ro in ro cn in in ro 



K # S 



SUBSTITUTE SHEET 

BNSDOCID: <WO 9308280A1 ■ > RN.q nana 



THIS PAGE BLANK (usptoi 



WO 93/08280 



9/19 



PCT/US92/08694 



I ° 

CD 
U 
O 



Eh 

O C5 



8 



o 
EH 
o 
o 

I 

o 
u 

Eh 



Eh 
U 
O 
Eh 

S 

Eh 
O 
O 

u 

Eh 
Eh 
O 
Eh 
Eh 



g 

u 
u 

s 

o 

Eh 
U 
O 
Eh 
O 
U 
Eh 

■ 

O CP 
CD 



1 

§ 

I 

Eh 

CJ 
Eh 
Eh 
O 
Eh 
U 
O 

g 



fa 



Eh 

s 

e> 
o 
u 
CD 

fiH 

o 

Eh 



CO 



BNSDOCtD: <W0 9308280A1 I > 



SUBSTITUTE SHEET 



RNS nana AO 



IMS PAGE BLANK (uspto) 



WO 93/08280 



PCT/US92/08694 



10/19 



I 



-4- 



s 



1 5 



CL 



Q 
u 



< 

u 

CL 
u- 
Q£ 
H— 

CO 



I 



CO 
LU 
Q_ 

o 

fc= . .1 



It 



>- 

t«5 



Q_ if 
LU M 

—« to ! 
<t 

q 

> 

Q 



I 



ill 



X 

CO 



lo 1 



1 



Q 
u 

CM 

U 

CL 
CO 



M 
CO 



— V 



m I ■ 



i 



1 



Q_ 

O 

O 

O 
cl 

>- 
co 

co 

LU 
CL 

o 



o 

CO 



O 
U 



J 

A 



co >: 4 



1 



1 



< 

CO 

CO 



BNSDOCID: <W0 



9308280A1 I > 



SUBSTITUTE SHEET 



RN.S nanp R1 



THIS PAGE BLANK (usptqi 



WO 93/08280 



PCT/US92/08694 



11/19 



5' PRIMERS 

XZY CONSTRUCT 

K R D V D L 
5' XRI 5 ' -GGG GAATTC AAGAGGGATGTTGACCTA-3 1 

ECOR I X 

L PVF F A V A. N 
5" (X) Z 5 ' -CTACCTGTA|rTTTTTGCGGTGGCCAAT-3 ' 

X z 

PERKALPVV 
5' (Z) Y 5 ' -CCAGAGAGA^AAGCACTACCTGTAGTA-3 1 

Z 

YXZ CONSTRUCT 

K A L P V V 
5' YRI 5 ' -GGG GAATTC AAAGCACTACCTGTAGTA-3 ' 

ECOR I Y 

D K E IK R D V D L 
5 1 (Y) X 5 ' -GATAAGGAGkAGAGGGATGTTGACCTA-3 ' 

Y | X 

L PV1F FA VAN 
5 ■ (X) Z 5 ' -CTACCTGTAjrTTTTTGCGGTGGCCAAT-3 ■ 

X 1 Z 

ZXY CONSTRUCT 

F F A V A N G 
5 ' ZRI 5 ' - GGGGAATTCTTTGCGGTGGCCAATGGA - 3 1 

ECOR I Z 

K R D V D L P 
5' (Z) X 5 1 -AAGAGGGATGTTGACCTATTC-3 * 
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